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(m) Gene detection method.

@ A single stranded nudeic add probe having a base sequence complementary to the gene to be
detected is immobilized onto the surface of an electrode or the tip of an optical fiber, and the nucleic

probe is reacted with the gene sample denatured to a single stranded fomn, and then the nudeic ackl

probe hybridized with the gene Is detected. In this procedure, to the reaction system consisting of the

nudeic acid probe and the gene sample, a double stranded nudeic acki recognizing substance capable

of binding specifically to the double stranded nudeic acid and being active electrochemlcally or

optically is added. The detedion of the nudeic add probe is conducted by electrochemical or optical

detemnination utQizing the electrode or optical fiber mentioned above. By this method, safer and mors
convenient detection of the gene is possible at a higher sensitivity even In a reduced time period.
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This invention relates to a novel gene detection method to detect a certain gene specifically and a device

for such detection.

A genetic information stored in DNA is expressed as a protein or an enzyme through mRNA. By the effects

of such protein or enzyme, various compounds necessary to maintain the vital actions are biosynthesized and

5 metabolized. Thus a life is present as a dynamic equilibrium system of various substances controlled by genes.

There are 50 to 100 thousands of human genes. When some of them involve abnormality or change, such

as defect orduplication, the characteristicSt types and amounts ofthe proteins synthesized are changed, result-

ing in the poorly balanced biosystem, which may cause diseases. Thus, by detecting known pathogenic genes,

the diseases may be Identified or prevented. Such diagnosis based on the genes themselves has been

10 developed as a results of the recently advancing technology of gene engineering, and is called as gene diag-

nosis.

When compared with conventional diagnostic methods, the gene diagnosis has characteristics as men-

tioned below.

Considering the mechanisnns of gene expression, it can be presumed that changes in genes occur prior

15 to almost all biochemical changes. Therefore, gene diagnosis by means of detecting the genetic change

enables the diagnosis or prognosis prior to development of a disease which is one of phenotypes. Accordingly,

the dignosis and prognosis can be conducted before the development, In the latent period or at the eariiest

stage of the disease. This is the primary characteristic. As the secondary characteristic, gene diagnosis relating

to the genetic diseases Is independent from the organs or tissues to be analyzed since all genes in a living

20 body are the same. This Is particulariy important in the diagnosis in fetus. Thus, this secondary characteristic

enables the diagnosis simply by sampling amniotic fluid from a pregnant woman and analyzing the fetal cells

suspending In the amniotic fluid.

Procedure of gene diagnosis conventionally employed is summarized as follows.

Genes are extracted from a samples and cleaved, If necessary, by appropriate restriction enzymes, and

25 then subjected to electrophoresis and southern blotting. Then a nucleic acid probe (usually radiolabeiled) hav-

ing the base sequence complementary to the gene to be detected is hybridized to the blotted gene. Subse-

quently, the hybridized nucleic acid probe is detected by exposing an X-ray film to the radiation emitted from

the labeled probe at lower temperature to confirm the presence of the gene.

The conventional detection method mentioned above involves the limitation of the place of diagnosis due

30 to the use of radioisotopes and should be conducted with sufficient care of handling reagents. For the purpose

of reducing such inconvenience, safe labeling agents substituting the radioisotopes are being developed and

several detection methods, In which probes are utilized, such as avidin-biotin bond method or enzymatic or

fluorescent method and the like have already been suggested. However, these methods can not achieve the

sensitivity superior to that of the method using radioisotopes. They also involve the problems of the time period

35 required to detecting the gene as long as 2 or 3 days as well as complicated procedure of detenmlnation.

On the other hand, quantificatton of a certain antigen or antibody present in a sample generally employs

radioimmunoassay (RIA). However, RIA requires special instruments and authorized operators therefor cap-

able of handling radioisotopes since this method also employs radioisotopes similariy as in the gene diagnosis

methods mentk)ned above. In addition, waste disposal In this method should be done with particular care. As

40 one of the other analytic methods, Immunoelectrophoresis, which requires a long period for determination and

has a poor sensitivity, can be suggested, although this method is not applicable in case of the samples con-

taining only trace amount of test substance.

An objective of the present invention Is to provide a method which is excellent in safety and convenience

and Is capable of detecting a certain gene at a high sensitivity in a reduced time period.

45 Accordingly, the gene detection method of the present invention is the method wherein a single stranded

nucleic acid probe having a base sequence complementary to the gene to be detected is reacted with a gene

sample denatured into a single stranded form and then the nucleic acid probe hybridized with the gene is detec-

ted to confimi the presence of the gene, characterized in that:

the nucleic acid probe is immobilized onto a carrier sensitive to a physical change;

50 a double stranded nucleic acid recognizing substance capable of binding specifically to a double stranded

nucleic acid and being active physlcochemically Is added to the reaction system of the nucleic acid probe and

the gene sample; and,

the double stranded nucleic acid recognizing substance bound to the double stranded nucleic acid formed

by conjugation of the nucleic acid probe and the gene to be detected is detected by means of physlcochemical

55 determination using the carrier, whereby detecting the presence of the nucleic acid probe hybridized with the

gene to be detected.

Another object of the present Invention Is to provide a gene detection device which Is excellent In safety

and convenience and Is capable of detecting a certain gene at a high sensitivity in a reduced time period.
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Accordingly, the gene detection device of the present invention is the device comprising:

a gene detection sensor having a nucleic acid prot>e Immobilized onto the surface of a carrier sensitive to

a physical change;

a transportation means to transport the gene detection sensor;

5 a reaction bath to store a sample solution containing the gene sample denatured into a single stranded

fomn, a double stranded nucleic acid being formed In said reaction bath on the gene sensor by hybridization

of the gene sample and the nucleic acid probe immobilized on the surface of the gene sensor;

a temperature control means to control the temperature of the sample solution;

a washing means to remove unreacted gene sample by washing the gene sensor after hybridization of the

10 nucleic acid probe with the gene sample; and

a detection bath to store a double stranded nucleic acid recognizing substance, the double stranded nucleic

acid recognizing substance being reacted with the double stranded nucleic acid formed on the surface of the

gene sensor in said detection bath, whereby binding the double stranded nucleic acid recognizing substance

with the double stranded nucleic acid in order to detect a physical change generated by the bound double stran-

15 ded nucleic actd recognizing substance.

This Invention can be more fully understood from the following detailed description when taken in conjunc-

tion with the accompanying drawings, in which:

Fig. 1 shows a diagram schematically representing an example of the automatic gene detection device

according to the present invention.

20 Fig. 2 shows a perspective view of another embodiment of the reaction bath and a gene sample purification

device of the present automatic gene detection device shown in Fig. 1.

Fig. 3 shows a perspective view of an example of the temperature controller in the present automatic gene

detection device shown in Fig. 1.

Fig. 4 shows a diagram schematically representing an example of the present automatic gene detection

25 device utilizing electrochemiluminescene.

In the present invention, the term "double stranded nucleic acid recognizing substance" means a substance

which recognizes and binds specifically to a double stranded nucleic acid. Such substances are, for example,

intercalating agents and biopolymers capable of recognizing double stranded nucleic acid.

The intercalating agents are characterized by their tendency to intercalate specifically to double stranded

30 nucleic acid such as double stranded DNA. These intercalating agents have in their molecules a flat intercalat-

ing group such as phenyl group, which intercalates between the base pairs of the double stranded nucleic acid,

whereby binding to the double stranded nucleic acid. Most of the intercalating agents are optically active and

some of them are used in qualification of nucleic acids. Certain Intercalating agents exhibit electrode response.

Therefore, determination of physical change, especially optical orelecb'ochemical change, may serve to detect

35 the intercalating agents bound to a double stranded nucleic acid.

Electrochemically or optically active intercalating agents useful in the present invention are, but are not

limited to, ethidium, ethidium bromide, acridine, aminoacridine, acridine orange, proflavin, ellipticine, actinomy-

cln D, daunomycin, mitomycin C and the like. Other intercalating agents which are useful are those listed In

Published Japanese Patent Application No. 62-282599.

40 In addition to the intercalating agents which are reversibly reacted themselves during oxidation-reduction

reaction as listed above, the detenminatton of electrochemical change using an electrode may employ a metal

complex containing as a centermetal a substance capable of undergoing electrically reversible oxkJatton-reduc-

tion reaction, namely, a metallo intercalater. Such metallo intercalaters include for example tris (phenanthrollne)

zinc salt, tris (phenanthrollne) ruthenium salt, tris (phenanthroline) cobalt salt, di (phenthroline) zinc salt, di

45 (phenanthrollne) nithenium salt, di (phenanthroline) cobalt salt, bipyridine cobalt salt, terpyridine platinum salt,

phenanthrollne platinum salt, tris (bipyridyl) zinc salt, tris (bipyridyl) ruthenium salt, tris (bipyridyi) cobalt salt,

di (bipyridyl) zinc salt, di (bipyridyl) ruthenium salt, di (bipyridyl) cobalt salt and the tike. Although the intercalat-

ing agents are not limited to those listed above, the complexes which or whose center metals have oxidatk>n-

reduction potentials not lower than or covered by that of nucleic acids are less preferable.

50 By using the intercalating agents capable of undergoing electrochemically reversible oxidation-reduction

reaction, it is possible to detennine the oxidation-reduction current repetitively. Accordingly, It Is possible to con-

duct potential scanning several to several hundreds times and to sum up the values of the signals obtained,

whereby enabling the amplification of the signals, resulting in a higher sensitivity of the detection.

When conducting the detection of the gene using an electrode, an intercalating agent exhibiting

55 electrochemiluminescence may also be employed. Such intercalating agents are. but are not limited to. for

example, lumlnol, lucigenin, pyrene, diphenylanthracene and rubrene. The electrochemiluminescene of the

intercalating agents listed above may be enhanced by the enhancers such as luclferin derivath/es such as firefly

luciferin and dihydroluciferin, phenols such as phenyl phenol and chlorophenol as well as naphthols.
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Optical signals generated by the electrochemiluminescence may directly be detected from the solution

using, for example, photocounter. Alternatively, an optical fiber electrode produced by fonning a transparent

electrode at the tip of an optical fiber may also be used to detect the signal indirectly.

Since the electrode reaction or change in optical signal occur exclusively on the surface of the canier, the

5 detection can be conducted quite easily without removing unreacted probe or unreacted Intercalating agent.

In the present invention, reaction of nucleic acid probe and the single stranded gene sample is generally

conducted in a solution. Such reaction may be conducted in the presence of the intercalating agents listed

above or the intercalating agents may be added after completion of the reaction.

As mentioned above, since most of the intercalating agents have themselves the optical activity or can

10 exhibit the electrode response, direct determination is possible by means of optical or electrochemical pro-

cedure. When these intercalating agents are further bound with the substances which generate signals capable

of being detected directly or indirectly, higher detection sensitivity can be obtained by detennining the signals

combined with the singles from the intercalating agents.

These substances which generate signals capable of being detected directly or indirectly include, for

IS example, haptens such as bbtin, trinitrobenzene sulfonic acid and dinitrobenzene sulfonic acid, fluorescent

substances such as fluorescein isothiocyanate (FITC), phycocyanin and rhodamine, luminescent substances

such as lumlnol, lucigenin and acridium ester derivatives as well as electrode active substances such as fer-

rocene and viologen. When using the substance, from which the signal can not directly being detected, such

as the haptens listed above, enzyme-labelled anti-hapten antibodies such as enzyme-labelled avidin are used

20 to determine the optical parameters such as absorbance, fiuorescene, lumlnescene, quenching, circular dic-

hroism and fiuorescene polarization or, electrode activity is determined, whereby indirectly detecting the gene.

Although one molecule of these substances are usually bound to one molecule of a Intercalating agent,

several nrK)lecules of these substance may be bound to one nrralecule of the intercalating agent, whereby

enhancing the sensitivity.

25 On the other hand, some biopolymers recognize and bind specifically to a double stranded nucleic acid.

Accordingly, by labeling these biopolymers or the substances recognizing them with enzyme, fluorescent or

luminescent substance and detenmining the electrochemical or optical change caused by the label to know the

presence of the biopolymers, the detection of the double stranded nucleic acid may be possible.

Such biopolymers include, but are not limited to, DMA-binding proteins such as anti-DNA antibody. Crop-

30 rote in. cl repressor, E. coil CRP (cAMP receptor protein) and lactose operon repressor and enzymes such as

RNase H wittiout catalyst activity. The biopolymers mentioned above may be derived from living bodies or may

be synthesized.

Enzymes as labels to be bound to the biopolymers mentioned above are, but are not limited to, alkaline

phosphatase, peroxidase, beta-galactosidase and glucose oxidase.

35 When detecting the electrochemical change using the biopolymers mentioned above. NADH in NAD-

'^/NADH cycle and quinone in catechol/quinone cycle may be used. Thus, NADH or quinone formed by enzyme

bound to a biopolymer may be oxidized or reduced by an electrode and tiie electrochemical change may be

determined. Other substances involved in such electrochemical oxidation-reduction reaction may also be

employed.

40 When detecting the optical change using the biopolymers mentioned above, an enzyme is bound to a

biopolymer and a chemical luminescent substrate is used to conduct enzymatic reaction, or a fluorescent sub-

stance is bound to a biopolymer and the lumlnescene is directiy detected. Chemical luminescent substrates

useful in the present invention may be, but are not limited to, luminol. isoluminol, isoluminol derivatives and

acridinium derivatives. When using the chemical luminescent substrates, enhancers can be used to enhance

45 the chemical luminescence. Such enhancers may be, but are not limited to, luciferin derivatives such as firefly

luciferin and dehydroluciferin, phenols such as phenyl phenol and chlorophenol as well as naphthols. Fluores-

cent substances useful in the present invention may be, but are not limited to, fluorescein, rhodamine and

phycocyanin.

The amount of the double stranded nucleic acid recognizing substance to be added is not particularly speci-

50 fied, although the amounts sufTlcient to bind alt double strands formed are preferable in view of the efliciency.

When added in an excess amount, the double stranded nucleic acid recognizing substance remaining unreac-

ted are washed off prior to the determinatton.

When the amount of the double stranded nucleic acid recognizing substance added Is small and the con-

centration of it Is low, only smalt amount of the unreacted recognizing substance remains in the system after

55 tiie recognizing substance has bound to the double stranded nudeic acid fonmed. Thus, the double stranded

nucleic acid recognizing substance is relatively concentrated on the canrier. in such state, the gene can be

detected without washing off the sample DNA which has not reacted with the nucleic add probe or free double

stranded nudeic acid recognizing substance which has not bound to the double stranded nudeic acid fonmed.
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whereby enabling the continuous reactions from hybridization through detection of the gene intended In a single

system.

In the present invention, by varying the nucleic acid probe employed, various types of genes can be detec-

ted. Nucleic acid probes useful are such probes that have the base sequences complementary to entire or a

5 part of base sequence of any of microorganisms contained in foods, plant viruses or viroids, pathogenic micro-

organisms or viruses Infecting fishes, pathogenic microorganisms or viruses infecting human and causing infec-

tious diseases, genes causing genetic diseases, activated proto-oncogenes and minisatellite sequence.

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part

of the base sequence of a microorganism contained in a food, the microorganism contained in the food can

10 directly be detected, thus enabling the food sanitary inspection. Such microorganisms contained in foods are,

for example, pathogenic Escherichia coil. Staphylococcus as well as Salmonella.

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part

of the base sequence of a plant virus or viroid, the plant virus or viroid with which plants are infected can be

detected, thus enabling the infection diagnosis in agricultural fields. Examples of such plant viruses or viroids

IS Include tabacco mosaic virus and cauliflower mosaic virus.

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part

of the base sequence of a pathogenic microorganism or virus infecting fishes, the pathogenic microorganism

or virus with which fishes are infected can be detected, thus enabling the infection diagnosis in fishery field.

Examples of such pathogenic microorganisms or viruses infecting fishes are pathogenic vibrio.

20 When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part

of the base sequence of a pathogenic microorganism or virus infecting human and causing Infectious diseases,

it is possible to conduct the Infection diagnosis. Such pathogenic microorganisms infecting human and causing

infectious diseases are, for example, pathogenic Streptococcus, Mycoplasma, Clostridium, Chlamydia, Sal-

monella, herpes simplex and cytomegalovirus.

25 When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part

of the base sequence of a gene causing a genetic disease, direct assay of the genetic disease is possible. Such

genes causing genetic diseases are. for example, the genes causing adenosine deaminase deficiency and

drepanocythemia.

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part

30 of the base sequence of an activated proto-oncogene, it Is possible to conduct the cancer diagnosis. Such acti-

vated proto-oncogenes are, for example, oncogenes listed in "Oncogene data book" (M. Shibuya, Pub. by Shu-

jun-Sha).

When using as a nucleic acid probe a probe having the base sequence complementary to entire or a part

of the base sequence of a minisatellite sequence, DNA finger print method useful for genetic studies, Indh^idual

35 identification and parentage test can be conducted. Such minisatellite sequences are, for example, Myo sequ-

ence, Alu sequence, Per-6 sequence and Per sequence.

Although the length of a nucleic acid probe used in the present invention is not particularly specified and

single stranded nucleic acids consisting of several to hundreds monomers may be employed, the lengths con-

sisting of more than ten and less than a hundred monomers are preferable in order to Increase S/N ratio and

40 to obtain higher sensitivity in view of the fact describe below.

As already mentioned, a double stranded nucleic acid recognizing substance is such a substance that rec-

ognizes and binds specifically to a double stranded nucleic add. However, the double stranded nucleic acid

recognizing substance may bind to a single stranded nucleic acid in rare cases. Thus, it may bind to an unreao-

ted nucleic acid probe immobilized on a carrier. When it binds in such a manner, S/N ratio Is reduced, resulting

45 in a poor detection accuracy. Accordingly, it is preferable to minimize the length of the nucleic acid probe as

far as the detection of the intended gene is possible.

The detection of genes can also be done by labeling the nucleic acid probe in addition to using the double

stranded nucleic acid recognizing substance mentioned above. In such cases, the labels to be used to label

the nucleic acid probe may be any substance provided that it reacts directly or indirectly or causes some interac-

so tion with the double stranded nucleic acid recognizing substance and then a detectable signal is generated from

either the double stranded nucleic acid recognizing substance or the label. In other word, an useful label gives

a signal which is not generated when the nucleic acid Is still present as a single strand and which is, once the

probe reacts with the Intended gene to forni a double strand to which then the double stranded nucleic acid

recognizing substance binds, then geneiBted for the first time. The detection of gene is conducted by deter-

55 mining the signal generated by the reaction between the label and the double stranded nucleic acid recognizing

substance. Such labels for the nucleic acid probe may be varied depending on the double stranded nucleic

acid recognizing substance employed and may be, for example, fluorescent substances such as rhodamine

and FITC, luminescent substances such as lumlnol and acridinium ester derivatives as well as enzymes and

6
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enzyme substrates. The double stranded nudeic acid recognizing substances miay not be particularly specified

and any of the substances listed above may be employed.

In the present invention, a nucleic acid probe is immobilized onto a earner sensitive to a physical change

as mentioned above. Although an electrode or optical fiber is preferably employed as the can-ier for immobilizing

5 the nucleic acid probe, other carrier such as photodiode, themiistor, ISFET. MOSFET, piezo elements, surface

acoustic wave elements, quartz oscillator may also be employed.

The electrodes employed in the present Invention may be, but are not limited to, carbon electrodes such

as graphite, glassy carbon, pyrotytic graphite, carbon paste and carbon fiber, noble metal electrodes such as

platinum, platinum black, gold, palladium and rhodium, oxide electrodes such as titanium oxide, tin oxide, man-

10 ganese oxide and lead oxide, semiconductor electrodes such as Si, Ge, ZnO, CdS, Ti02 and GaAs, as well as

titanium. These electrodes may also be covered with conductive polymers to enhance the stability of the elec-

trodes immobilized with probes. Monomolecular films may also be employed to cover the electrodes.

The nucleic acid probes may be immobilized onto the surfaces ofthe carriers such as electrodes and optical

fibers by means of covalent bond, ionic bond and physical adsorption.

15 The examples of the procedure for the immobilization by means of covalent bond are the method in which

the surface of the carrier is activated and then the nucleic acid probe is Immobilized directly or Indirectly through

crosslinking agent and the method in which an active functional group is Introduced into the nucleic acid probe

to be immobilized onto the earner followed by direct or indirect immobilization. The activation of the earner sur-

face may be conducted by electrolytic oxidation in the presence of oxidizing agent, or by air oxidation or reagent

20 oxidation, as well as by covering with a film. Useful crosslinking agents may be, but are not limited to, silane

couplers such as cyanogen bromide and gamma-aminopropyl triethoxy silane, carbodiimide and thionyl

chloride and the like. Useful functional groups to be introduced to the nucleic acid probe may be, but are not

limited to, amino group, carboxyl group, hydroxyl group, carbonyl group, phosphate group, aldehyde group and

mercapto group. Other highly reactive functional groups may also be employed.

25 Once the surface of the carrier is oxidized for activation, an oxidized layer is fomied on the surface. The

nucleic acid probe binds to the substrate via this oxidized layer. By fonfning a thinner oxidized layer, S/N ration

of detecting the gene is improved. The thickness of the oxidized layer is preferably not more than 500 A, more

preferably not more than 100 A.

Introduction of the functional group into the terminal of the nucleic acid can be conducted by means of

30 enzymatic reaction or by using DNA synthesizer. The enzymes useful in the enzymatic reactton may be, for

example, tenminal deoxynudeotidyl transferase, poly A polymerase, polynucleotide kinase, DNA polymerase,

pdynudeotide adenylyltransferase and RNA ligase. Polymerase chain reactton method (PGR method), nick

translation method and random primer method may also be employed to introduce the functional group.

The functional group may be introduced to any part of the nucleic acid, such as 3' or 5' tenminat, as well

35 as a site randomly selected.

The nucleic acid probe with the functional group Introduced may be immobilized as it is onto the carrier by

immobilization reaction. However, the amino acid originally comprised in the nudeic acid may sometimes serve

as a functional group instead of the functional group introduced, since the nudeic acid probe is a single strand.

Thus the amino acid originally comprised in the nucleic acid is used for immobilization of the probe to the canrier,

40 which affects the sensitivity.

The Immobilization via the amino acid originally comprised in the nudeic acid probe may be prevented by,

for example, the method as follows. First, the nudeic acki probe to which the functional group has been intro-

duced is annealed with the DNA chain having the base sequence complementary to the probe to obtain a double

strand. Then the functional group introduced is used to immobilize the double stranded nudeic acid to the car-

45 rier. Subsequently, thermal denaturation is conducted tofbmiasinglestrand, whereby removing the DNA chain

to which the functional group has not been introduced. The temperature during the thermal denaturatton may

usually be maintained from 90 to 98^0.

When the carrier to be used for immobilization of the nudeic acid probe is an electrode, the nucleic acid

probe can be immobilized easily at a higher efficiency by utilizing physical adsorption. The physical adsorption

50 of the nudeic acid probe onto the electrode surface can be conducted, for example, as follows. First, the elec-

trode surface is washed with distilled water and alcohol using ultrasonic cleaner. Then the electrode is placed

In the phosphate buffer (pH 7.0) containing the nudeic acid probe to adsorb the probe onto the surface of the

substrate. During this procedure, potential of 0 to +1.0 V, preferably 0 to -i-O.I V is applied to the electrode to

accelerate the adsorption. Then the electrode having the nudeic acid adsorbed is placed in the solution con-

55 taining nudeotides (ATP. CTP, OTP, TTP, dATP, dCTP, dGTP, dTTP and the like), and the electrode surface

is coated with the nudeotides preferably while applying the potential of 0 to 1 .OV. By this treatment, non-specific

adsorption of the sample nudeic acid or double stranded nudeic add recognizing recognizing substance to

the electrode surface can be prevented. Non-specific adsorption may also be prevented by using surfactants,

7
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fatty acids or fats.

The nucleic acid probe may also be immobilized to the carrier using a embedding agent used In the embed-

ding method known as a procedure to immobilize the enzyme. The embedding agents useful in the present

invention may be, but are not limited to, potyvinylchioride and polyacrylamide.

5 The nucleic acid probe may also be immobilized onto the electrode surface via a film. Such films may be,

for example, conductive polymers such as polyacethylene, polypyrrole, polythiophene and polyaniline as well

as polyethylene, polypropylene, poly (vinylchloride), poly (vinyl alcohol), poly (methylmethacrylate), poly (vi-

nyl-idene fluoride), cellulose and lipid membrane. Monomolecular layer such as LB membrane and a multiple

layer consisting of two or more nnononx}lecular layers may also be employed.

10 Immobilization of the nucleic acid to the film or the membrane may be conducted in the manner similar to

that used for the immobilization onto the surface of the carrier.

When the nucleic add probe is immobilized to the film or the membrane by means of covalent bond, a func-

tional group may be introduced to the film or the membrane instead of the nucleic acid probe. The functional

groups suitable to be introduced into the film orthe membrane may be same to those introduced into the nucleic

f5 acid probe. By introducing the functional group into the film or the membrane followed by reacting the nucleic

acid probe to effect the immobilization, the probe can be immobilized at a higher density and more stably

immobilized canier with nucleic acid probe can be obtained when compared to the immobilization by introducing

the functional group into the nucleic acid probe.

When the carrier to which the nucleic acid probe is immobilized via the film or the membrane is an electrode,

20 the probe and the sample are hybridized as mentioned above while detemiining the membrane potentials before

and after hybridization, whereby detecting the presence of the intended gene.

A carrier having the nucleic acid probe immobilized, when used as It Is. tends to exhibit non-specific physical

adsorption caused by a sample nucleic acid and a double stranded nucleic acid recognizing substance. Such

non-specific adsorption may cause a reduced sensitivity. It can be suppressed by covering the carrier surface

25 with the nucleic acid by means of physical adsorption or chemical bond after Immobilization of the nucleic acid

probe.

For this purpose, the nucleic acids to be used to cover the surfece of the carrier are, for example, nucleo-

sides such as adenosine, thymidine, guanosine and cytidine, nucleotides such as uridylic acid, cytidylic acid,

adenylic acid and guanylic acid, synthetic oligonucleotide as well as naturally derived DMA such as salmon

30 sperm DMA.

While the length and the base sequence of nucleic acid used to cover the surface of the carrier are not

limited specifically as for as they do not cause the reaction with the nucleic acid probe imnrrabilized on the sur-

face of the canrier, a single stranded or double stranded nucleic acid of 1 to 100 bp is preferable.

Non-specific adsorption can also be suppressed by coating the carrier with the substances such as sur-

35 factants, fatty acids and fats. An example of such substance is stearylamine.

In the gene detection method according to the present invention, the methods of immobilizing the nucleic

acid probe to the carrier Is not limited to those mentioned above and other method generally utilized to immobi-

lizing biopolymers such as proteins to solid phases may widely be employed.

The amount of the nudeic acid probe to be immobilized to the carrier is not particulariy limited, although

40 a higher density of the nucleic acid probe immobilized results in a higher sensitivity of the detection, namely,

a higher S/N ratio. The density of the nucleic acid probe Immobilized is generally of the order of amol/cm^ or

higher.

The nucleic acid probe Immobilized to a carrier especially to an electrode or optical fiber surface, can be

quantified by detenmining an oxidation-reduction current oran optical signal of the nucleic acid or by determining

45 an oxidation-reduction current or an optical signal of an electrochemically or optically active substance which

binds specifically to the single stranded nucleic acid. Thus, when the canrier is an electrode, then the oxida-

tion-reduction current from the nucleic acid or the intercalating agent is detenmined using a measurement sys-

tem consisting of, for example, potentiostat, function generator, recorder and computer to quantify the nucleic

acid immobilized. When the carrier is an optical fiber, then the optical signals from the nucleic acid or the inter-

so calating agent bound to the nucleic acid, such as absorbance, fluorescence, luminescence, quenching, circular

dichroism, fluorescence polarization or other optical parameters are determined using corresponding instru-

ments to quantify the nucleic acid immobilized. By using these methods, it is possible to quantify the nucleic

acid Immobilized on the surface of the carrier wore easily In a shorter period at a higher sensitivity when com-

pared with the conventional methods which are quite complicated since the nucleic acid itself has no acth^ity.

55 The oxidation-reduction current from the nucleic acid may be the oxidation-reduction current from adenine,

thymine, guanine or cytosine.

By imparting the function of an oscDIator or rotator to the carrier Immobilized with the nucleic acid probe,

the flow near the surface of the carriercan relatively be increased, whereby fecilitating the htbridization reaction

8
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and inhibiting the non-specific reaction, providing higher efficiency of the gene detection. The function of oscil-

lator can be Imparted to the carrier by utilizing mechanical oscillation, ultrasonic wave or electric or magnetic

action.

As test samples, blood such as peripheral venous blood, leukocyte, serum, urine, feces, semen, saliva,

5 cultured cell, tissue cells such as cells from various organs and other materials containing nucleic adds may
be employed.

Although the extraction of nucleic adds from a test sample is conducted according to the conventional

method, the double sb^nded nudeic acid recognizing substance mentioned above can be used for extraction

and purification following the procedure described below.

10 First, the double stranded nudeic acid recognizing substance is imnfK)bllized to an appropriate support,

which is then mbced with a test sample. The cells contained in the test sample Is ruptured to release the nucleic

add, which is then bound to the double stranded nudelcacid recognizing substance. Subsequently, the support

is separated from the test sample and the nudeic acid bound to the double stranded nudeic acid recognizing

substance is separated from the support.

15 The supports useful herein may be, but are not limited to, polymer supports such as latex, polyethylene,

polystyrene, and polypropylene, carbon materials such as activated carbon, metal particulates, ceramic mate-

rials, and magnetic materials such as magnetites, samarium-cobalt and ferrite. The fbnus of the supports are

not particularly limited, but a partide whose size is within the range from 0.1 to 1000 ^m, particulariy from 1 to

100 ^m, is preferable.

20 The cells contained in the test samples may be ruptured according to the standard method. For example,

the support Is agitated by means of the external force such as shaking or applying ultrasonic wave. Nucleic

acid eluate may also be employed to release the nucleic acid from the cells. Such nudeic acid eluates are, for

example, the solutions contianing surfactants such as SDS, Triton-X and Tween-20, and the solutions contain-

ing saponin, EDTA or proteases. When these solutions are used to release the nudeic acid, incubation at a

25 temperature not lower than Zl^'C may serve to facilitate the reactton.

After binding the nudeic ackj to the double stranded nudeic ackl recognizing substance immobilized to

the support, the support is separated from the test sample by an appropriate means. The support which has

been separated is first washed with a washing fluid (low salt concentration) to renrK)ve the unnecessary com-

ponents, and then with a nudeic ackl eluate (high salt concentration) to release the nucleic acid into the solution.

30 When an intercalating agent is used as the double stranded nudeic ackJ rocognizing agent, a non-polar organic

solvent is used as the nucleic acid eluate.

When a magnetic partide is used to the support agitation and separation of the support can conveniently

be conducted by using external magnetic action which enables easier and rapid procedure.

When the content of the intended gene is quite small, the detection may also be conducted after amplrfn

35 cation of the gene according to a known method. Representative gene amplification methods are methods utili-

zing enzymes, such as polymerase chain reaction (PCR) method. The enzymes useful in the gene amplification

method may be, for example, DNA-dependent DNA polymerazes such as DNA polymerase and Taq polymer-

ase, DNA-dependent RNA polymerazes such as RNA polymerase 1 ,
RNA-dependent RNA polymerazes such

as Q beta replicase. Among methods using these enzymes, PCR method using Taq polymerase Is a quite con-

40 venient method wherein the amplrfication can be repeated continuously only by controlling the temperature.

The samples thus obtained (course extract of nucleic acid, or purified solution of nudeic acid) are thenmally

denaturated at a temperature fonm 90 to 98X, preferably not lower than 95X to prepare single strands. Then

an electrode immobilized with nudeic acid probe or an optical fiber immobilized with nudeic acid probe is placed

in the solution of the single stranded nudeic acid and hybridized at a temperature from 37 to 72^C. The optimum

45 temperature for hybridization varies depending on the factore such as the base sequence and the length of the

probe employed.

In such cases, the reaction rate is generally less satisfactory than In the case of the reaction in solutton,

since the hybridizatron reaction proceeds in a solid phase. However, this problem can be eliminated when using

an electrode imnriobilized with the nudeic acid probe by applying a potential to the electrode surface before

so and/or during the hybridization raction to accelerate the reactbn. The potential to be applied Is preferably a

positive potential, or a positive and negative potentials are alternatively applied. Such potential is applied con-

tinuously or intennittently as pulse. Preferably the potential applied Is within the range from 0 to ±2.0 V.

Upon hybridization, unreacted nudeic acid may adsorb non-specificalty to the electrode surface in addition

to the intended gene bound to the nudeic acid probe. Such non-specific adsorption may reduce the S/N ratk)

55 of the gene detection. Usually the nudeic acid is negatively charged. Therefore the nucleic acid non-specifically

adsort)ed can be removed by applying the negative potential to the electrode. For this purpose, the potential

to be applied is within the range from 0 to 2.0 V. preferably 0 to 1.5 V.

The double stranded nudeic acid recognizing substance may be added to the test sample either before or

9
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after the hybridization. Alternatively, a solution of the double stranded nucleic acid recognizing substance may

previously be prepared, in which the electrode or optical fiber immobilized with the nucleic acid probe may be

placed after hybridization. Since most of the double stranded nucleic acid recognizing substances are positively

charged, non-specific adsorption of the recognizing substance to the carrier can be suppressed by applying

5 positive potential in the cases where the carrier is an electrode.

Since the electrode reaction proceeds only nearthe surface ofthe electrode, a response of the intercalating

agent bound to the double stranded nucleic acid to the electrode can be obtained exicuslvely upon occurrence

of hybridization. When using an electrode immobilized with a nucleic acid probe, a measurement system con-

sisting of potentiostat, function generator and recorder may be used. Once the potential is set approximately

10 to the oxidation-reduction potential of the intercalating agent, the potential is scanned. During the scanning,

the oxidation-reduction current is determined to quantify the gene to be detected. This electrochemical deter-

mination may be done in a test solution or in other electrolyte solutions. It may also be done in hydrophilic or

hydrophobic solvents.

When using an optical fiber immobilized with a nucleic acid probe, the gene to be detected is quantified

IS by determining the optical parameters such as absorbance, luminescence, fluorescence, reflection, quenching,

circular dichroism and fluorescence polarization.

The devices Involving a nucleic acid probe immobilized to a carrier having a function of detecting signals,

such as the electrode or optical fiber immobilized with the nucleic acid probe as mentioned above, are useful

as gene detecting sensors. In order to use such devices as gene detecting sensors repeatedly, it is required

20 to dissociate the sample which had been hybridized with the probe immobilized. Dissociation of the sample

from the probe may be conducted by treatments with heat, bases, acids, surfectants or ultrasonic wave. The

heat treatment can be done by heating the double stranded nucleic acid fbnned at 9^*0 for 5 minutes to denat-

ure the double stranded nucleic acid followed by rapid cooling. Alkaline treatment employs a buffer solution of

pH 8.5 or higher or strong base solutions, while acid treatment employs a buffer solution of pH 4.5 or lower or

25 strong acid solution. The surfactants used in the treatment with surfactants may be, but are not limited to. ionic

or neutral surfactants such as SDS, Triton-X and Tween 20. For this purpose, the concentration ofthe surfactant

e preferably 0.1% or higher. Ultrasonic treatment can be conducted by treating the sample for several seconds

to several minutes with the ultrasonic wave having the frequency from 10 to 100 kHz.

The gene detection methods of the present invention are further described in the examples below.

30 Example 1: Gene detection using electrode Immobilized with nucleic acid probe

a. Immobilization of nudeic acid probe to Pt electrode surface

Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After

activating the surface of the oxide layer by cyanogen bromide (CNBr). immobilization was conducted by

Immersing the electrode in the solution of thermally denatured single stranded nucleic acid probe (v-myc).

35 b. Gene detection using electrode immobilized with nucleic acid probe

As a test sample, pVM623 obtained by inserting v-myc fragment Into pst I site of pUC 1 19 was employed.

Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at

98°C. The electrode immobilized with the nucleic acid probe was placed in the test sample, which is incubated

for 1 5 minutes at 70^*0 to anneal. During this procedure, acridine orange, an intercalating agent which has speci-

40 ficity to the double stranded DNA and is electrochemically active, was added.

After annealing, the electrode reaction was effected while detenmining the oxkJation-reduction current pro-

duced to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg (picogram)

order.

Example 2: Gene detection using optical fiber immobilized with nucleic acid probe

45 a. Immobilization of nucleic acid probe to optical fiber

The tip of the optical fiber was treated with silane coupler (gamma-amlnopropyl triethoxy silane:

(gamma-APTES) and then the single stranded nucleic acid probe (vHfnyc) was Immobilized using giutaral-

dehyde as a crosslinking agent

b. Gene detection using optical fiber imnrK)bitized with nucleic acid probe

50 As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thenmal denaturation at

98''C. The optical fiber immobilized with the nucleic acid probe was placed in the test sample, which was incu-

bated for 1 5 minutes at 7(y*C to anneal. During this procedure, acridine which has specificity to the double stran-

ded DNA was added.

55 After annealing, the fluorescent light emitted from acridine was determined to quantify v-myc contained in

the test sample. As a result, v-myc could be detected in pg order.

Example 3: Gene detection using electrode Immobilized with nudeic add probe and using metallo Inter-

calator as an intercalating agent
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As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at

gS^'C. The electrode immobilized with the nucleic acid probewas placed in the test sample, which was incubated

for 15 minutes at 70X to anneal. During this procedure, tris (1,10-phenanthroline) cobalt (III), an intercalating

5 agent which has specificity to the double stranded DNA and is electrochemlcaily active, was added.

After annealing, cyclic voltammetry was conducted and values of the oxidation-reduction current obtained

by sweeping 30 times were summed up. As a result, v-myc could be detected In pg order.

Example 4: Gene detection using optical fiber electrode immobilized with nucleic acid probe and utilizing

electrochemiluminescence

10 As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 1 9 was employed.

Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thenmal denaturation at

98®C. The optical fiber electrode imnrwbHized with the nucleic acid probe (v-myc) was placed in the test sample,

which was incubated for 15 minutes at ZO^C to anneal. During this procedure, lucigen which has specificity to

the double sfranded DNA and is capable of generating elecfrochemically luminescence was added.

IS After annealing, electrochemical reaction was effected and the luminescence was detected through the

optical fiber elecfrode immobilized with the nucleic acid probe. As a result, v-myc could be detected in pg order.

Example 5: Gene detection using electrode immobilized with nucleic acid probe and using anti-DMA anti-

body as an intercalating agent

a. Immobilization of nucleic acid probe to Pt electrode surface

20 Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After

activating the surface of the oxide layer by cyanogen bromide (CNBr), immobilization was conducted by

immersing the electrode In the solution containing thenmally denatured single stranded nucleic acid probe

(v-myc).

b. Gene detection using electrode immobilized with nucleic acid probe

25 As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thermal denaturation at

98''C. The electrode imnrtobOized with the nucleic acid probe was placed in the test sample, which is incubated

for 15 minutes at 70°C to anneal. After washing the electrode, alkaline phosphatase-labeled anti-nucleic acid

antibody which binds specifically to the double stranded nucleic acid was reacted, and washed again prior to

30 adding NADP-i- solution. Alkaline phosphatase hydrolyze NADP-i- to generate NAD-*-.

NAD-t- thus generated was determined by determining the current caused by oxidation of NADH in the sys-

tem using alcohol dehydrogenase and diaphorase, whereby quantifying v-nrvyc contained in the test sample.

As a result, v-myc could be detected in pg order.

Example 6: Gene detection using optical fiber immobilized with nucleic acid probe and using anti-DNA anti-

35 body as an intercalating agent

a. Inrunobilization of nucleic acid probe to optical fiber

The tip ofthe optical fiberwas treated with silane coupler (gamma-APTES) and then the single stran-

ded nucleic acid probe (v-myc) was immobilized using glutaraldehyde as a crosslinking agent.

b. Gene detectton using optical fiber imn>obtlized with nudeic acid probe

40 As a test sample. pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thermal denaturation at

98X. The optical fiber imnrwbilized with the nucleic acid probe was placed in the test sample, which was incu-

bated for 15 minutes at lO^'C to anneal.

After annealing and washing, peroxidase-labelled anti-DNA antibody which binds specifically to the double

45 stranded DNA was reacted. Then the sample was washed again, and reacted with H2O2 in an alkaline aqueous

solution using luminol as a substrate and luciferin as an enhancer. The luminescence thus generated was deter-

mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order.

Reference Example 1: Quantification of nucleic acid probe on BPPG electrode

a. Introduction of amino group into nucleic acid probe

50 A DNA labeling kit. Chemiprobe (ORGENICS Ltd.) was used to label carcinogenic gene v-myc (1 .5

Kb), into which (6-aminohexy1) dATP was then introduced at 3' tenminal using terminal deoxynucleotidyl

transferase.

b. Immobilization of nucleic acid probe to electrode surface

As an electrode to which the nucleic acid is to be Immobilized, basal plain pyrolytic graphite (BPPG) was

55 employed. This electrode was subjected to electrolysis at 2.2 V in a solution containing 1 0% nitric acid and

2.5% potassium chromate to oxidize the surface. The electrode whose surface has been oxidized was then

placed In a refluxed solution of 10% ganvna-aminopropyl triethoxy silane in toluene at 120X for 30 minutes

to effect silane treatment After the electrode was washed with methanol. It was reacted In 1% glutaral-
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dehyde solution for 30 minutes, and was washed again. The electrode was reacted in a solution containing

1 \iglmi v-myc having amino group introduced at a room temperature for 30 minutes, whereby producing

an electrode immobilized with the nucleic acid probe.

c. Quantification of nucleic acid probe immobilized to electrode surface

5 Using the electrode immobilized with the nucleic acid probe thus obtained, cyclic voltammetry was con-

ducted in 1/15M phosphate buffer solution (pH 7.0). As a result, oxidation current of 1 generated from

adenine was measured by the electrode which had been subjected to 10 seconds oxidation, while oxidation

current of 2 ^A measured by the electrode which had been subjected to 60 seconds oxidation. From the deter-

minatio using Chemiprobe kit. the amounts of nucleic acid immobilized to the surfaces of these electrodes were

10 about 0.1 pmol/cnf)2 and 0.2 pmol/cm^. respectively. Such findings indicated that there may be correlation be-

tween the oxidation currents from the nucleic acids and the amounts of nucleic acid probe immobilized and

that the nucleic acid probe immobilized may be quantified based on the electrode reaction of the nucleic acid.

Reference Example 2: Quantification of nucleic acid probe on optical fiber

a. Introduction of amino group into nucleic acid probe

IS A DNA labeling kit called Chemiprobe was used to label carcinogenic gene v-myc (1 .5 Kb), into which

(6-aminohexyt) dATP was then introduced at 3' terminal using tenminal deoxynucleotidyl transferase.

b. Immobilization of nucleic acid probe to optical fiber

The tip ofthe optical fiberwas immersed in a solution of 10% gamma-aminopropyl triethoxy silane in toluene

and refluxed at 1 20^0 for 30 minutes to effect silane treatment The optical fiber was washed with methanol,

20 it was reacted in 1% glutaraldehyde solution for 30 minutes and then washed again. The optical fiber was

placed in a solution containing 1 ^g/ml v-fnyc having amino group introduced and then reacted at a room

temperature for 30 minutes, whereby producing an optical fiber immobilized with the nucleic acid probe.

c. Quantificatk)n of nucleic acid probe Immobilized to optical fiber surface

Using the optical fiber immobilized with the nucleic ackl probe thus obtained, the detection was attempted

25 in 1/15M phosphate buffer solutton (pH 7.0) containing 1.0 nM acridine orange and the fluorescence from

acridine orange could be detected. The amount of the nucleic acid immobilized on the optical fiber surface was,

when determined using Chemiprobe kit, was about 0.1 pmol/cm^. These findings indicated that it is possible

to determine the amount of the nucleic add immobilized easily by determining the intensity of the fluorescence

from the intercalating agent.

30 Example 7: Acceleration of hybridization of nucleic acid sample with nucleic ackl probe Immobilized to elec-

trode

As a test sample, pVM 623 obtained by inserting vnmyc firagment into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at

OS^'C. Then the BPPG electrode immobilized with the nucleic acid probe was placed in the test sample, which

35 was incubated for 15 minutes at 70*'C to effect annealing During this procedure, 0.1 V (vs SCE) of potential

was applied to the electrode.

Then acridine orange, which has specificity to the double stranded DNA and is electrochemteally active,

was added to effect the electrode reaction, during which the oxidation-reduction current generated was deter-

mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. The

40 time required for hybridization which had conventionally been about 30 minutes was reduced to about 10

minutes.

Example 8: Regeneration of electrode Immobilized with nucleic acid probe

a. Immobilization of nucleic acid probe to Pt electrode surface

Pt electrode was treated at a high temperature to air-oxidize the surface of the electrode. After

45 activating the surface of the oxide layer by cyanogen bromide (CNBr), immobilization was conducted by

immersing the electrode In the solution containing thennally denatured single stranded nucleic acid probe

(v-myc).

b. Gene detectkin using electrode Immobilized with nucleic acid probe

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

50 Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thenmal denaturation

at QB^C, The electrode immobilized with the nucleic acid probe was placed in the test sample, which was

incubated for 15 minutes at 70°C to anneal. During this procedure, acridine orange, an intercalating agent

which has specificity to the double stranded DNA and is electrochemically active, was added.

After annealing, the electrode reaction was effected while detenmining the oxkJatton-reduction current pro-

55 duced to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order.

c. Regeneratksn of electrode immobilized with nucleic acid probe

By heating at 98^C for five minutes the electrode Immobilized with the nucleic acid probe which had once

been used for determination, the sample pVM 623 was dissociated from the surface of the electrode Immobl-
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lized with the nucleic acid probe. The electrode thus regenerated could be reused for the gene detection

repeatedly at least 5 times thereafter.

Example 9: Regeneration of optical fiber immobilized with nucleic acid probe

a. Immobilization of nudeic acid probe to optical fiber

5 The tip of the optical fiberwas treated with silane coupler (gamma-APTES) and then the single stran-

ded nucleic acid probe (v-myc) was immobilized using glutaraldehyde as a crosslinking agent.

b. Gene detection using optical fiber immobilized with nucleic acid probe

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thennal denaturation

10 at 98''C. The optical fiber immobilized with the nudeic acid probe was placed in the test sample, which was

incubated for 15 minutes at 70X to anneal. During this procedure, acridine which has specificity to the

double stranded DNA was added.

After annealing, the fluorescent from acridine was determined to quantify v-myc contained In the test

sample As a result, v-myc could be detected in pg order.

15 c. Regeneration of optical fiber Immobilized with nucleic acid probe

By heating at 98''C for five minutes the optical fiber Immobilized with the nudeic add probe which had once

been used for detenminatlon, the sample vPM 623 was dissociated from the surface of the optical fiber immobi-

lized with the nudeic acid probe. The optical fiber thus regenerated could be reused for the gene detection

repeatedly at least 5 times thereafter.

20 Example 10: Gene detection using intercalating agent to which substance generating signals which can

be detected directly or indirectly Is bound.

a. Preparation of electrode Immobilized with nucleic acid probe

(6-aminohexy1) dATP was introduced at 3' terminal into synthetic oligonudeotide probe (20 mer)

against to a carcinogenic gene v-myc using tenminal deoxynudeotidyl transferase.

25 On the other hand, a basal plain pyrotytic graphite (BPPG) electrode was subjected to electrolysis at 2.2

V in a solution containing 10% nitric acid and 2.5% potassium chromate to oxidize the surface of BPPG
electrode. The electrode was then placed in a refluxed solution of 10% gamma-APTES in aniline at 120''C

for 30 minutes to effect silane treatment. After the electrode was washed with methanol, It was reacted In

1% glutaraldehyde solution for 30 minutes and washed again.

30 This BPPG electrode was reacted in a solution containing 1 \xgfmi synthetic oligonudeotide probe, whcih

has specificity to v-myc, having amino greup introduced at a room temperature for 30 minutes, whereby

producing an electrode Immobilized with the nucleic acid probe.

b. Gene detection using electrode immobilized with nucleic acid probe

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

35 Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at

98X. BPPG electrode immoblized with the nudeic acid probe was place In the test sample, which was incu-

bated at 70^C to anneal. Subsequently, acridine orange bound to ferrocene was added in such an amount that

final concentration of 1 was obtained. After washing, It was subjected directly to the electrode reaction, dur-

ing which the oxidation-reduction current was detemiined to quantify v-myc contained in the sample.

40 When the sample did not contained the gene intended, then the oxidation-reduction current from ferrocene

was not detected. However, in the case of the sample containing the gene intended, the oxidation-reduction

current could be detected, and ultimately v-myc can be detected in the order of pg. Since no B/F separation

was required, the detection was completed within 30 minutes.

Example 11: Gene detection using intercalating agent to which substance generating signals which can

45 be detected directly or indirectly is bound

Firet, the electrode Immobilized with the nudeic acid probe was prepared in the manner similar as in

Example 1 0, and then it was immeraed In a solution of nudeotides (dATP, dCTP, dGTP and dTTP) for the pur-

pose of preventing non-specific adsorption of sample DNA.

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

so Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thenmal denaturation at

98**C. Then BPPG electrode imnrwbilized with the nudeic acid probe was placed in the test sample, which was

Incubated at 70®C to anneal. During this procedure. 0.1 V (vs SCE) of potential was applied to the electrode.

After reaction, an intercalating agent which has specificity to the double stranded DNA and is electrochem'h

cally active, namely tris (phenanthroline) cobaltsaltwas added. After tris(phenanthroline) cobalt saltwas bound

55 to the double stranded nudeic acid, negative charge was applied to the electrode to remove the substances

binding non-speclfically. Subsequently, the oxidation-feduction current of the Intercalating agent was deter-

mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected In pg order.

Example 12: Gene detection using optical fiber immobilized with nudeic add probe labeled with lumlnol
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a. Preparation of optical fiber immobilized with nudeic acid probe labeled with luminol

(6-aminohexyl) dATP was introduced at 3' terminal Into synthetic oiigonudeotide probe (20 mer)

against to a carcinogenic gene v-myc using terminal deoxynudeotidyl transferase. This nudeic acid probe

was labeled with luminol and then immobilized to the surface of the optical fiber by means of physical

5 adsorption.

b. Gene detection using optical fiber immobilized with nudeic acid probe

As a test sample, pVM 623 obtained by Inserting v-myc fragment Into Pst I site of pUC 1 19 was employed.

Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thenmal denaturation at

gS^'C. The optical fiber immobilized with the nudeic acid probe labeled with luminol was placed in the test

10 sample, which was incubated at 55^C to anneal. During this procedure, ethidium bromide which binds speci-

fically to the double stranded nudeic add was added. The ethidium bromide is concentrated on the surface of

the optical fiber. Subsequently, luciferin and H2O2 was used to generate the luminescence from luminol,

whereby exciting ethidium bromide. Fluorescence generated from the excited ethidium bromide was deter-

mined to quantify v-myc contained in the test sample. As a result, v-myc could be detected in the order of pg.

IS Example 1 3: Gene detection using optical fiber imnrnbilized with nudeic acid probe labeled with O-pheny-

lenediamlne

a. Preparation of optical fiber immobilized with nudeic add probe labeled with 0-phenylenediamine

(6-aminohexyl) dATP was introduced at 3' terminal into synthetic oiigonudeotide probe (20 mer)

against to a carcinogenic gene v-myc using terminal deoxynudeotidyl transferase. This nucleic acid probe

20 was labeled with 0-phenylenediamine and then immobilized to the surface of the optical fiber by means

of physical adsorption.

b. Gene detection using optical fiber imnfwbilized with nudeic add probe

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 19 was employed.

Linear pVM 623 was obtained by digesting witti Hind III and then was subjected to the thermal denaturation at

25 98°C. The optical fiber imnK)bilized with tiie nudeic acid probe labeled witii 0-phenylenediamine was placed

in the test sample, which was then incubated at SS^'C to anneal. After annealing, anti-double stranded DNA
antibody labeled witti alkaline phosphatase was added. In this method, the antibody was concentrated on the

surface of the optical fiber when intended gene was present in the sample, whereby undergoing the en2!ymatic

reaction, resulting in the absorbance at 405 nm. The absorbance at 405 nm was determined to quantify v-myc

30 contained in the test sample. As a result, v-myc could be detected In the order of pg.

Reference Example 3: Immobilization to electrode surface via amino group introduced into nudeic acid

probe

a. Preparation of nudeic acid probe into which amino group is introduced

2 primers (20 mer) used for amplification of about 1 .0 Kb fragment of cardnogenic gene v-myc were

35 synthesized using DNA synthesizer (Applied biosystem, PCR-MATE EP). An amino group wasfurther Intro-

duced to one of the primer at 5' terminal using Aminolink 2 (Applied biosystem).

These two synthetic primers were admbced each in the concentration of 100 ^g/mf and subjected to the

treatment at 95^*0 for 5 minutes followed by 37*^0 for 30 minutes to anneal to obtain a double stranded nuc-

leic acid probe.

40 b. Immobilization of nudeic acid probe to electrode surface

As an electrode to which the nudeic acid is to be immobilized, basal plain pyrolytic graphite (BPPG) was

employed. This electrode was subjected to electrolysis at 2.2 V in a solutton containing 10% nitric acid and

2.5% potassium chromate to oxidize the surface. The electrode whose surface had been oxidized was then

placed in a refluxed solution of 10% gamma-APTES in aniline at 120°C for 30 minutes to effect silane treatment.

45 After the silane treated electrode was washed with methanol, it was reacted in 1% glutaraldehyde solution for

30 minutes, and then washed again.

This BPPG electrode was reacted in a sdution containing 100 ^g/mf of double stranded nudeic add probe

prepared in step a at a room temperature for 30 minutes, whereby immobilizing the double stranded nucleic

acid on the surface of the electrode. Then the electrode was further subjected to thenrtal denaturation at 95^*0

50 for 5 minutes to remove the DNA chain wittiout the functional group introduced, whereby produdng an electrode

immobilized with the nudeic ackj probe.

Example 14: Gene detection using electrode immobilized with nudeic acid probe via lipid membrance

a. Preparation of electrode Immobilized with nucleicacid probe

Lipid membrane was fonmed using phosphatidylethanolamine on the surface of basal plain pyrolytic

55 graphite (BPPG) electrode. On tiie other hand. (6-aminohexyl) dATP was introduced at 3' terminal into car-

cinogenic gene v-myc (1.5 kb) using tenminal deoxynudeotidyl transferase.

After treating lipid membrane-modified BPPG electrode with glutaraldehyde, it was reacted in 1 (ig/mf sol-

ution of v-myc to which amino group had been introduced for 30 minutes at a room temperature, whereby
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producing an electrode immobilized with the nucleic acid probe.

b. Gene detection using electrode immobilized with nudeic acid probe

As a test sample, plasmid pVM 623 obtained by inserting v-myc (1.5 kb) Into Pst I site of pUC 119 was .

employed.

5 The test sample was themially denaturated at 95''C and then the electrode immobilized with the nucleic

acid prepared in step a was placed In the sample to effect hybridization at SS^'C. Detenfnination ofthe nrtembrane

potential of the electrode immobilized with the nucleic acid was started before the initiation of hybridization.

The membrane potential changed as the hybridization proceeded, and plateaued about 2 hours after initiation

of reaction. Thus, when using the electrode immobilized with the nucleic acid probe via the membrane, the gene

10 can be detected while monitoring the hybridization reaction. As a result, the intended gene could be detected

in the order of pg.

Example 15: Gene detection using electrode immobilized with nucleic acid probe and blocked by synthetic

oligonucleotide

a. Preparation of electrode immobilized with nucleic acid probe

IS (6-aminohexyl) dATP was introduced at 3' terminal into synthetic oligonucleotide probe (20 mer)

against to a carcinogenic gene v-myc using tenminal deoxynudotidyl transferase.

On the other hand, BPPG electrode was subjected to electrolysis at 2.2 V in a solutbn containing 10%

nitric acid and 2.5% potassium chromate to oxidize the surface of the electrode. The electrode whose sur-

face had been oxidized was then placed in a refluxed solution of 10% gamma-APTES in aniline at 120''C

20 for 30 minutes to effect silane treatment. After the silane-treated electrode was washed with methanol, it

was reacted In 1% glutaraldehyde solutton for 30 minutes, and then washed again.

This electrode was reacted in a solution containing 1 ^md of the probe to which amino group had been

introduced at a room temperature for 30 minutes, whereby producing an electrode Immobilized with the

nudeic acid probe.

25 This electrode was immersed in a solution of synthetic nucleotide (20 mer) to adsorb the synthetic nuc-

leotide on the surface of electrode.

b. Gene detection using electrode immobilized with nucleic acid probe

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 1 19 was employed.

Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the themfial denaturation at

30 Qd^'C. The BPPG electrode immobilized with the nucleic acid probe produced in step a above was placed in

the test sample, which was then Incubated at JO^'C to anneal Subsequently, an intercalating agent acridine

orange which binds specifically to the double stranded nudeic acid and has electrode activity was added and

then the electrode reaction was conducted, during which the oxidation-reduction cuirent generated was deter-

mined to quantify v-myc contained in the test sample.

35 As a result, v-myc could be detected In the order of pg. S/N ratio observed was higher than that of the elec-

trode whose surface was not blocked.

Example 16: Amplification and detection of intended gene

a. Ampllficatk>n of intended gene

As a test sample. pVM 623 (4.6 Kb) obtained by inserting v-myc fragment into Pst I site of pUC 119

40 was employed. Linear pVM 623 was obtained by digesting with Hind 111 and then the concentration was

adjusted to 1 femtomol (10*^^ mol). The sample was subjected to PGR using the condition shown below

as one cyde and repeating the cyde 30 times to amplify 1 Kb fragment of v-myc.

Denaturation : 94°C for 1 minute

Primer annealing : 55°C for 1 minute

45 DNA elongation : 72°C for 1 minute

b. Gene detection using electrode Immobilized with nudeic acid probe

The sample amplified by PGR was thermally denaturated at 98X and BPPG electrode immobDIzed with

nudeic acid probe was placed in the sample, which was then incubated at 70°C for 15 minutes to effect anne-

aling. During this procedure, acridine orange, an intercalating agent which has specificity to the double stranded

50 nudeic acid and has the electrode activity, was added to the sample. Subsequently, the electrode reaction was

conducted while determining the oxidatton-reduction current generated to quantify v-myc contained in the

sample. As a result, the presence of v-myc could be confirmed.

Reference Example 4: Amplification and detection of Intended gene

a. Amplification of intended gene

55 As a test sample, pVM 623 (4.6 Kb) obtained by inserting v-myc fragment into Pst I site of pUC 119

was employed. Linear pVM 623 was obtained by digesting with Hind 111 and then the concentration was

adjusted to 1 femtomol (10-^^ nrtol). The sample was subjected to PGR using the condition shown below

as one cyde and repeating the cyde 30 times to amplify 1 Kb segment of v-myc.
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Denaturation : 94''C for 1 minute

Primer annealing : SS'^C for 1 minute

DNA elongation : 72^0 for 1 minute

The primer was previously labeled with biotin prior to use.

5 b. Gene detection using optical fiber immobilized with nucleic acid probe

The sample obtained by PGRwas thermally denaturated at 98^C and the optical fiber immobilized with nuc*

leic acid probe was placed in the sample, which was then incut>ated at 70^0 for 15 minutes to effect annealing.

Subsequently, avidin-labelted horse radish peroxidase was reacted and the fiber was washed. After adding

luminescence substrate luminol, H2O2 and enhancer, the luminescence was detected via the optical fiber. As

10 a result, the presence of v-myc was confimied.

Example 17: Gene detection while Inhibiting non-specific adsorption of nucleic acid to electrode immobi-

lized with nucleic acid probe

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind 111 and then was subjected to the thermal denaturation at

15 98''C. The BPPG electrode immobilized with the nucleic acid probe was placed in the test sample, which was

incubated at 70°C to effect annealing. After annealing, -1.5 V (vs SCE) potential was applied to the electrode

to remove DNA adsorbing the electrode surfece non-specifically and physically.

Then acridine orange, an intercalating agent which has specificity to the double stianded DNA and has elec-

trode activity, was added and then the electrode reaction was conducted. The oxidation-reduction current gen-

20 erated was determined to quantify v-myc contained in the sample. As a result, v-myc could be detected in the

order of pg at an improved S/N ratio when compared with conventional results.

Example 18: Gene detection while inhibiting non-specific adsorption of nucleic acid to electrode Immobi-

lized with nucleic acid probe

As a test sample, pVM 623 obtained by inserting v-myc fragment into Pst I site of pUC 119 was employed.

25 Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thenmal denaturation at

gs^'C. BPPG electrode immobilized with the nucleic acid probe (20 mer) having 50% homology to v-myc and

BPPG electrode imnwbilized with the nucleic acid probe against to v-myc were placed in the test sample, which

was incubated at 70°C to effect annealing.

Then acridine orange, an intercalating agent which has specificity to the double stranded DNA and has

30 electrode activity, was added and then the electrode reaction was conducted. The oxidation-reduction cunnent

generated was detemiined to quantify v-myc contained in the sample.

After this electrode reaction, -1.0 V (vs SCE) potential was applied to the electrode to remove the nucleic

acid having less homology. After that, acridine orange was added similariy as above and then the electrode

reaction was conducted while determining the oxidation-reduction current generated. The results indicated that

35 the oxidation-reduction current detected from the intercalating agent when using the prove having 50% homol-

ogy was about 50% of that observed when using the prove having 100% homology. Accordingly, it was clarified

that variant genes can be detected by using this method.

Reference Example 5: Extraction of nucleic acid using carrier ImnrabOized with double stranded nucleic

acid recognizing substance

40 In this example, a magnetite particle having particle size of 1 0 ^m as a canrier and aminoacridine as a dou-

ble stranded nucleic acid recognizing substance were employed.

First, the magnetite particles were washed thoroughly with PBS and placed in a refluxed solution of 10%
3-aminopropyl triethoxysilane in toluene at 120^0 for 2 hours, and then washed with methanol. Subsequently,

1% glutaraldehyde solution was reacted with the particles to which then aminoacridine was immobilized.

45 Human leukocyte was used as a test sample. The leukocytes and the magnetic particles immobilized with

aminoacridine were admbced In a plastic vessel, which was agitated vigorously by vortex mbcer to effect both

of cell rupture and immobSization of the nucleic acid to the carrier at once. Subsequently, a magnet was used

to apply a magnetic field externally to the magnetite particles and thereby separate the partids. and the particles

were washed three times with 10 mM tris buffer solution containing 200 mM NaQ (pH 7.0). After washing, the

so particles were placed in 70% ethanol to elute the nucleic acid.

The nudeic acid obtained was subjected to electrophoresis on 1% agarose gel, thereby obtaining the nuc-

leic acid firagments of 20 Kb or greater, which could be deaved with a restriction enzyme. The entire procedure

could be completed within 1 hour.

As detaDed above, gene detection using nudeic acid probe can be conducted conveniently within a reduced

55 time period according to the present invention. Therefore, the present invention is extremely useful as a method

for detecting a certain gene in the fields of gene diagnosis and gene engineering.

The present Invention further provides a device to detect a certain gene automatically using the gene deteo-

ton sensor mentioned above.
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The gene detection device according to the present invention comprises:

a gene detection sensor having a nucleic acid probe Invnobillzed onto the surface of a carrier sensitive

to physical change;

a tmasportation means to transport the gene detection sensor;

5 a reaction vessel to store a sample solution containing the gene sample denatured into a single stranded

form, in the reaction vessel a double stranded nudeic acid being formed on the gene sensor by hybridization

of the gene sample and the nucleic add probe immobllteed on the surface of the gene sensor;

a temperature control means to control the temperature of the sample solution;

a washing means to remove unreacted gene sample by washing the gene sensor after hybridization of

10 the nucleic acid probe with the gene sample; and,

a detection vessel to store a double stranded nucleic acid recognizing substance, the double stranded

nucleic acid recognizing substance being reacted with the double stranded nucleic acid formed on the surface

of the gene sensor in the detection vessel, whereby binding the double stranded nucleic acid recognizing sub-

stance with the double stranded nucleic acid in order to detect a physical change generated by the bound double

15 stranded nucleic recognizing substance.

The gene sensor used in the present gene detectbn device may preferably be either of the electrode or

optical fiber lmnx>bilized with the nucleic acid probe as mentioned above. This gene sensor may further be

imparted with the function of a stirrer by forming It in the fonm of paddle or with the functton of a temperature

sensor.

20 The physical change such as electrochemical or optical signal detected by the gene sensor were deter-

mined directly or via appropriate controller and then further analyzed by means of computer.

In the reaction vessel, a sample solution containing the gene sample denaturated into a single strand was

stored. As the sample solution, the coarse extract of the nucleic acid obtained by cell rupture may be used as

it is or used after purification. A sample solution preparating device capable of preparing such coarse or purified

25 extract of the nucleic acid may be connected to the reaction vessel and the sample solution prepared in situ

from the test cells may be fed to the reaction vessel, whereby enabling full-automatic gene detection starting

from the preparing the sample soulution from the test cells. The sample solution preparing device may be, for

example of a disposable cartridge type, which may be exchanged to a new cartridge after completion of the

determination. By using the cartridge freely replacable, the sample solution can always be prepared in a dean

30 condition without washing.

The gene detection device according to the present invention may further be provided with a dissociation

means by which double stranded nudeic acid formed on the surface of the gene sensor was dissociated into

the nudeic acid probe immobilized on the gene sensor surface and the free single stranded gene sample which

is removed to regenerate the gene sensor. Such dissociation means is quite desirable for the purpose of auto-

35 mizing the detection device since the dissociation means enables the repetitive use of the gene sensor. The

dissociation means useful for the present gene detection device are the treatments with heat, bases, acids,

surfactants and ultrasonic wave as mentioned above.

Furthermore, the present gene detection device may employ one or more gene sensors each immobilized

with different nudeic acid probes. These gene sensors may be used at once to determine one or more items,

40 or some of the gene sensors may be designated for a certain choice of the items to be detected.

A method of detecting the gene using the gene detection device of the present invention was described

below with referring the figures.

Fig. 1 shows a schematic view of an example of the automatic gene detection device according to the pre-

sent invention. This device comprises three vessels, namely, reaction vessel 2, detection vessel 9 and dissocl-

45 ation treatment vessel 11. Reaction vessel 2 is fitted in temperature controller 3 and connected to waste tank

10, and Is able to move in horizontal direction along with rail 4. Reaction vessel 2 is connected to gene sample

purification device 1 at a predetermined position on rail 4. Gene sensor 5 Is fixed on transportating device 12,

by which horizontal transportation to the position above each tank and vertical transportation into each tank

are effected. As gene sensor 5, an electrode immobilized with a nudeic acid probe is employed and the electric

50 signals detected by this electrode is input via electric signal detection controller 6 to computer 7, by which the

signals are analyzed.

The method of detecting gene using this device is as follows. Firet, a test cells containing the nudeic acM

to be detected is placed in gene sample purification device 1 , In which a test solution containing the gene sam-

ples denaturated into single strands is prepared. The sample solution thus prepared is fed to reaction vessel

55 2, which is then transported to the predetermined position along with rail 4. After gene sensor 5 was horizontally

transported to the position above reaction vessel 2, it is transported Into reaction 2. After gene sensor 5 was

immersed in the sample solution In reaction vessel 2, the temperature of the sample solution was appropriately

controlled by temperature controller 3 and then the nucleic acM probe immobilized to the surface ofgene sensor
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5 and the gene sample contained in the sample solution are hybridized. After the completion of hybridazation,

gene sensor 5 is taken from the sample solution and washed with fluid fed from washing fluid vessel 8 to remove

unreacted nucleic add probe, and then the sensor Is horizontally transported to the position above detection

vessel 9. After removing gene sensor 5, reaction vessel 2 is transported again to the position connecting to

5 gene sample purification device 1 , and the sample solution contained is discharged to the waste tanl^. Gene

sensor 5 transported to the position above detection vessel 9 is then transported into detection vessel 9. In

detection vessel 9. a solution containing a double stranded nucleic acid recognizing substance Is stored, and

the double stranded nucleic acid recognizing substance recognizes and binds to the double stranded nucleic

acid formed on the surface of gene sensor 5 immersed in the solution. Electrochemical signal generated by

10 the double stranded nucleic acid recognizing substance bound to the surface is detected by gene sensor 5 and

controlled by electric signal detection controller 6 and then input to computer 7 for analysis. After determination,

gene sensor 5 is removed from detection vessel 9 and transported into dissociation treatment vessel 11. In

dissociation treatment vessel 1 1, the double strands formed on the surface of gene sensor 5 is dissociated to

regenerate gene sensor 5.

15 Reaction vessel 2 mentioned above may not necessarily be single, and combination of one or more small

vessels 13 may also be employed as shown in Fig. 2. By using such one or more small vessels and one or

more gene sensors 5, one or more samples can be determined at once. In such case, independent small tanks

13 may also be combined with the same number of gene sample purification devices 1 to prepare a plurality

of samples at once, whereby enhancing the efficiency of the determination.

20 The determination can also be conducted without removing unreacted nucleic acid samples and double

stranded nucleic acid recognizing substances. In such case, there is no need to provide washing fluid tank 8

and detection vessel 9, and the entire procedure through determination can be conducted In reactton vessel

2.

Furthermore, reaction vessel 2 may be a disposable reaction cell provided with a carrier imnfK)bilized with

25 the nucleic acid probe on its bottom or side surface. The immobilized canier useful may preferably be an elec-

trode immobilized with a nucleic acid probe in view of the connectk)n to the detection device body, although

any other Immobilized carrier listed above can be used. It is also preferable to set the imnrwbilized carrier such

a nrtanner that it can be separated from the reaction cell for the purpose of repetitive use.

The gene detection using this reactton cell is conducted as follows. First, a sample solution containing the

30 nucleic acid to be detected is placed in the reaction cell, which is heated to denaturate the nucleic acid to the

single strand. Annealing is then conducted ata temperature selected suitably depending on the probe employed

to form the double strand. The double stranded nucleic acid recognizing substance was added and the signal

generated directly or indirectly is determined via the carrier provided In the reaction cell. In such case, it is not

required to use the gene sensor mentioned above.

35 The reaction cell is separated from the detection device and discarded after every determination. Therefore,

the gene detection highly reliable without cross-contamination or carry-over of the samples. In addition, the

determiantion can be conducted more simply within a short period since there is no need to wash the cell.

As shown in Fig. 3. temperature controller 3 which controls the temperature of reaction vessel 2 has ther-

mostat bath 21, controller 22 to control the temperature of thenmostat bath 21. and temperature sensor 23 to

40 determine the temperature of the sample solution. In Fig. 3. reaction vessel 2 provided in thermostat bath 21

consists of one or more small vessel 13 mentioned above. One of small vessels 13 contains a buffer solution

having the compositton same as that of a solution used In the sample solution, and temperature sensor 23 is

inserted the buffer solution. The temperature of the buffer solution is detenmined as the temperature of the

sample solution. Temperature sensor 23 is connected to controller 22. and it detenmines the temperature of

45 the buffer solution in reaction vessel 2 and sends the data to conbt)ller 22. After receiving the temperature data

from temperature sensor 23. controller 22 calculate and processes the data and then control the temperature

of thenmostat bath 21 to maintain the temperature of the sample solution at a certain constant level. This tem-

perature control is preferably conducted within the range of ±0.5*'C.

An example of the automatic gene detection device utilizing electrochemiluminescence Is described below.

so Fig. 4 shows a schematic view of an automatic gene detection device utilizing electrochemiluminescence.

This device Is provided with reaction cell 32 having the functions of both of reaction and detection vessels in

the detectk>n device shown in Fig. 1 and washing vessel 42. As mentioned above, it is not required to provide

a reaction vessel or detection vessel separately since the detemiination can be conducted without removing

unreacted nucleic acM probe or unreacted intercalating agent when using electrochemiluminescence. On the

55 bottom surface of reaction cell 32. electrode 33 immobilized with a nucleic acid probe is provided. Similarly as

in the reaction vessel of the detection device shown in Fig. 1 , reaction cell 32 is fitted to temperature controller

34. The reaction cell is transported horizontally along with rafl 35 and connected to gene sample purification

device 31 at a predetermined positton of rail 35. Reference electrode 36 Is fixed to transporting device 12

18



EP0 478 319 A1

together with the tip of optical fiber 37. By transporting device 12, reference electrode 36 and optical fiber 37

are horizontally transported and vertically transported into each vessel. Reference electrode 36 Is connected

to function generator/potentiostat 38 together with electrode 33 immobilized with nucleic acid probe. The poten-

tial to be applied to these electrodes is appropriately calculated by computer 39. The etectrochemiluminescence

5 generated on the surface of electrode 33 immobilized with nucleic acid probe Is sent via optical fiber 37 to photo-

multiplier 40 for amplification and then counted by photocounter 41. The results of the determination are input

to computer 39 for analysis.

The gene detection using this device is conducted as follows. First, similariy as in the case of the device

shown in Figure 1 , the test cells containing the nucleic acid to be detected are placed in gene sample purification

10 device 31 and processed into a sample solution containing the gene sample denaturated to the single strand.

The solution is then transfen-ed to reaction cell 32. Then, the temperature of the sample solution is controlled

appropriately by temperature controller 34 and the nucleic acid inftmobilized on the surface of electrode 33 Is

hybridized with the gene sample in the sample solution. During this procedure, an intercalating agent capable

of generating electrochemlluminescence is added to the sample solution. Alternatively, the intercalating agent

IS may be added to the test solution prior to the hybridization. Subsequently, reaction cell 32 is transported along

with rail 35 to a predetenmined position and reference electrode 36 and optical fiber 37 are transported into

reaction cell 32 to Immerse in the sample solution. Then potential Is applied between reference electrode 36

and electrode 33 immobilized with the nucleic acid provided in reaction cell 32 to generate electrocheml-

luminescence. The light caused by the electrochemiluminescence is brought via optica) fiber 37 to photomul-

20 tiplier 40 for amplification followed by counting by photocounter 41 . The results of the detenmination are input

to computer 39 for analysis. After determination, reference electrode 36 and optical fiber 37 are removed from

reaction cell 32 and transfenred to washing vessel 42 for washing.

Example 19: Gene detection using gene detection device provided with electrode Immobilized with nucleic

acid probe

25 The automatic gene detection device shown in Fig. 1 was used to detect the gene. As a test sample. pVM
623 obtained by inserting v-myc fragment into Pst 1 site of pUC 119 was employed. Linear pVM 623 was

obtained by digesting with Hind III and then was subjected to the thermal denaturation at gS^'C. The electrode

Immobilized with the nucleic acid probe was placed in the test sample, which was incubated for 15 minutes at

70X to effect annealing. During this procedure, acridine orange, an intercalating agent which has specificity

30 to the double stranded DNA and is electrochemically active, was added.

After the annealing, the electrode reaction was effected while determining the oxidation-reduction current

produced to qunhtify v-myc contained In the test sample. As a result, v-myc could be detected in pg order. The

entire procedure could be conducted within 1 hour.

Example 20: Gene detection using gene detection device provided with optical fiber immobilized with nuc-

35 leic acid probe

The gene was detected using the automatic gene detection device shown In Fig. 1 except for replacing

gene sensor 5 and electric signal detection controller 6 with optical fiber and fluorescence detector, respect-

ively. As a test sample pVM 623 obtained by Inserting v-myc fragment into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at

40 98''C. The optical fiber immobilized with the nucleic acid probe was placed in the test sample, which was incu-

bated for 1 5 minutes at 70*'C to effect annealing. During this procedure, acridine orange, an intercalating agent

which has specificity to the double stranded DNA and Is electrochemically acth^e. was added.

After the annealing, the electrode reaction was effected while determining the oxidation-reduction current

produced to quantify v-myc contained in the test sample. As a result, v-myc could be detected in pg order. The

45 entire procedure could be conducted automatically within 1 hour.

Reference Example 6: Gene detection using gene detection device provided with electrode immobilized

with nucleic acid probe utilizing electrochemlluminescence

The gene was detected by using the automatic gene detection device shown in Fig. 4. As a test sample,

DNA derived from human peripheral blood admixed with pVM 623 obtained by inserting v-myc fragment into

50 Pst I site of pUC 119 and digested with Hind 111 to make it linear was employed. A reaction cell provided on its

bottom surface with a BPPG electrode immobilized with nucleic acid probe was prepared, and then the sample

was added to this reaction cell and thennally denaturated for 5 minutes at 98^C. The sample was Incubated

for 15 minutes at 70''C to effect annealing. During annealing, lucigenin which has specificity to the double stran-

ded DNA and capable of generating electrochemiluminescence was added.

55 After the annealing, the electrochemical reaction was effected while counting the luminescent light by a

photo-counter. As a result, v-myc could be detected in pg order. The entire procedure could be conducted witiiin

1 hour.

Example 21: Gene detection using disposable reaction cell provided with electrode imnnobilized with nuc-
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leic acid probe

a. Preparation of reaction ceil provided with electrode immobilized with nucleic acid probe

(6-amlnohexyi) dATP was Introduced to carcinogenic gene v-myc (1.5 Kb) previously at 3' terminal

using temfiinal deoxynudotidyl transferase.

5 As an electrode to be Immobilized with the nucleic acid, a Pt electrode was employed. First, the Pt electrode

was heated at 180^C for 12 hours to oxidize the surface of the electrode. The electrode was placed in a

refluxed solution of 10% gamma-aminopropyl triethoxy silane in aniline at 120^C for 30 minutes to effect

silane treatment and then washed. The electrode was reacted further In 1% glutaraldehyde solution for 30

minutes and then washed. Subsequently, the electrode was reacted in a solution containing 1 ^g/mf v-myc

10 having amino group introduced at a room temperature for 30 minutes, whereby producing an electrode

immobilized with the nucleic acid probe. Then a reaction cell (5 x 5 x 1 0 mm) provided on its bottom surface

with the electrode immobilized with the nucleic acid probe was prepared.

b. Gene detection using reaction cell provided with electrode lmnrK)bllized with nucleic acid probe

As a test sample, the fragment obtained by digesting pVM 623 (4.6 Kb) obtained by inserting v-myc frag-

15 ment into Pst I site of pUC 119 with Hind III was employed. A solution containing the segment was placed in

the reaction cell produced in step a, and subjected to thenmal denaturation at SSX for 5 minutes followed by

annealing at 72^C for 30 minutes. After reaction, tris (1,10-phenanthroline) osmium was added to the reaction

cell and the electrochemlluminescence caused by applying potential to the electrode was determined. As a

result, v-myc could be determined in the order of pg.

20 Example 22: Gene detection using disposable reaction cell provided with electrode immobilized with nuc-

leic acid probe

a. Preparation of reaction cell provided with electrode immobilized with nucleic acid probe

(6-amlnohexyl) dATP was introduced to carcinogenic gene v-myc (1 .5 Kb) previously at 3' terminal

using terminal deoxynudotidyl transferase.

25 As an electrode to be Immobilized with the nudeic acid, BPPG electrode was used. First, this 6PPG elec-

trode was eiectrolyzed in a solution containing 10% nitric acid and 2.5% potassium chromate at 2.2 V to

oxidize the surface of the electrode. The electrode was placed in a refluxed solution of 1 0% gamma-ami-

nopropyl triethoxy sliane in aniline at 120°C for 30 minutes to effect silane treatment and then washed with

methanol. The electrode was reacted further In 1% glutaraldehyde solution for 30 and then washed. Sub-

30 sequently, the electrode was reacted In a solution containing 1 ^g/mf v-myc having amino group Introduced

at a room temperature for 30 minutes, whereby producing an electrode immobilized with the nudeic acid

probe. Then a reaction cell (5x5x10 mm) provided on its bottom surface with the electrode immobilized

with the nudeic acid probe was prepared.

b. Gene detection using reaction cell provided with electrode imnrK)bilized with nudeic acid probe.

35 As a test sample, the fragment obtained by digesting pVM 623 (4.6 Kb) obtained by Inserting v-myc frag-

ment into Pst I site of pUC 119 with Hind III was employed. A solution containing the fragment was placed in

the reaction cell produced in step a, and subjected to thenmal denaturation at 95^0 for 5 minutes followed by

annealing at 72X for 30 minutes. After reaction, tris (I.IO-phenanthroline) cobalt was added to the reaction

cell and the oxidation-reduction potential was detenmlned by cyclic voltammetry. As a result, v-myc could be

40 determined In the order of pg.

As detailed described above, by using the automatic gene detection device according to the present inven-

tion, the gene can be detected automatically by the methods mentioned above. Therefore, the gene can be

detected more simply within a short period.

In the detection method described above, for the purpose of providing a gene detection method capable

45 of detecting the presence of an intended gene more safely and conveniently within a shorter period, the carriers

such as an electrode or optica) fiber which can detect a physical change such as electrochemical or optical

signal generated firom an intercalating agent is immobilized with the nudeic acid probe to use as a gene sensor.

This purpose can also be achieved by using partides immobilized with the nucleic acid probe on the surface

of the partides instead of the carrier immobilized with the nudeic acid probe. Thus, on the surface of the par-

50 tides, the nudeic acid probe is hybridized with the gene sample to fonm the double strand, to which

electrochemlcaliy or optically active double stranded nudeic acid recognizing substance is bound, and then

the double stranded nudeic acid recognizing substance is detected electrochemlcaliy or optically by a detector.

The particles to be Immobilized with the nudeic acid probe may be, but are not limited to, latex beads, polys-

tyrene beads, glass beads, magnetic partides and the like. The diameter of the particle employed Is preferably

55 within the range from 100 A to 1 mm.

Other conditions are similar to those in cases of using the carrier such as the electrode or optical fiber

immobilized with the nudeic acid probe as mentioned above.

Similarly, a filter inunobillzed with the nucleic add probe on the filter surfece may also be employed to detect
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the gene. In such case, the useful filters may be any filters as long as they do not change their nature at least

at lOC'C, such as, for example, those filters generally used in DNA southern blotting such as nitrocellulose

filters and nylon filters. For immobilization of the nucleic acid probe onto those filters, the methods mentioned

above for immobilization of the nucleic acid to a carrier can be applied as they are.

5 Gene detection using the filter immobilized with the nucleic acid probe can be conducted as follows.

First, a nucleic acid is extracted from a test sample such as peripheral venous blood or various organ cells

according to a standard method and purified If necessary. Then a hybridization reaction solution containing the

nucleic acid sample obtained is prepared and the reaction solution is applied to the multiple-layer filter device

consisting of one or more filters including the filter immobilized with the nucleic acid probe, and the sample is

10 pemneated into the filterdevice. A double stranded nucleic acid recognizing substance, especially such a double

stranded nucleic acid recognizing substance that Indicates optical activity itselfor via other substance, has pre-

viously been contained in the hybridization reaction solution. After the reaction solution is sufficiently per-

meated, the nucleic acid is thermally denaturated at SS^'C into a single strand, which is then hybridized with

the nucleic acid probe immobilized on the filter surface by further heating at 37 to 72^C. After reaction, the filter

15 immobilized with the nucleic acid probe is removed from the filter device and then washed. When the Intended

gene Is present in the nucleic acid sample, a double strand is formed on the filter Immobilized with the nucleic

acid probe and this double stranded nucleic acid Is bound to the double stranded nucleic acid recognizing sub-

stance. This double stranded nucleic acid recognizing substance causes the change in signal, which is deter-

mined to quantify the intended gene. Thus, when the double stranded nucleic acid recognizing substance has

20 optical activity, then the change in optical signal such as luminescence, fluorescence, reflection, fluorescence

polarization, quenching, circular dichroism and the like.

While the intended gene bound to the nucleic acid probe immobilized on the carrier Is detected using the

double stranded nudeic acid recognizing substance in the detection method described above, the gene can

also be detected without using the double stranded nucleic acid recognizing substance by labeling the intended

25 gene itself. For this purpose, the Intended gene in the test sample is amplified as a pretreatment for the detection

while labeling the primer used for amplification or starting nucleotide with a label such as electrode-active sub-

stance or optically active substance as mentioned above. By this step, the label is introduced into the gene

which has been amplified, resulting in the intended gene which has itself been labeled. The label useful for this

purpose may not be particulariy limited, and any substance listed above as a label capable of further binding

30 to a biopolymer and an intercalating agent may be used.

The detection of the gene which has itself been labeled can be conducted similariy as In the detection

method mentioned above except fbr using no double stranded nucleic acid recognizing substance.

Furthermore, the second probe in addition to the first probe which is immobilized on the earner may be

used to conduct "sandwich" hybridization, whereby detecting the intended gene without using the double stran-

35 ded nucleic acid recognizing substance. Thus, the first hybridization is conducted between the first probe

immobilized on the carrier and the intended gene, and then the second probe labeled is added to conduct the

second hybridization with the intended gene bound to the first probe followed by the detection of the signal from

the label of the second probe.

The second probe useful may any nucleic acid having the base sequence complementary to the intended

40 gene to be detected. When the intended gene has one or more base sequences complementary to the first

probe then the first probe can be used as the second probe.

The label to be used to label the second probe may not particulariy be limited, and the substances listed

above as the labels capable of binding further to a biopolymer and an intercalating agent may be used.

In this gene detection method, the process to the step of hybridization of the first probe immobilized on the

45 carrier with the intended gene may be similar to that in the detection method using the double stranded nucleic

acid recognizing substance as mentioned above. After the first probe is bound to the Intended gene, the second

probe is added Instead of the double stranded nudeic acid recognizing substance, and then the second hyb-

ridization is conducted under the condition similar to that of the first hybridization. The second probe may also

be added before the first hybridization. After the completion of the second hybridization, the gene Is detected

50 by a suitable method depending on the label introduced to the second probe. Specifically, the method of detect-

ing the double stranded nudeic acid recognizing substance bound to the double strand can be used as it is.

Most of the genetic diseases are developed when a particular base sequence is defected or combination

of a plurality of particular base sequences are presented in a gene. Thus, most of the genetic diseases can

not be identified directly by using the nudeic acid probe. Accordingly, most of the diseases are now identifted

55 by using restriction fragments length polynrrarph'ism (RFLP) analysis. This RFLP method involves an analysis

of the pattern of DNA fragments and thus requires the procedure of separating the DNA fragments. Presently,

the separation of DNA fragments employs only electrophoresis which Involves the problem of complicated pro-

cedures and a long time period for the determination.
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Such analysis ofthe pattern ofDNA fragments can be conducted conveniently within a short period by using

the gene detection method of the present invention in the procedure described below.

First, DNA is extracted from a biological material and then digested with an appropriate restriction enzyme.

The restriction enzyme useful is not particularly limited and any enzyme generally used in RFLP may be

6 employed. Examples of the useful restriction enzyme are AccI, Aval, BamHI, EcoRI, Hind, Hndlll and Pst I.

The DNA fragments obtained are then separated based on molecular weights by column chromatography,

high perfonmance liquid chromatography (HPLC), for example. FPLC (manufactured by PHARMACIA Co. Ltd.),

capillary electrophoresis, gel electrophoresis and the Wke, DNA fragment may also be separated after denatu-

rated by, for example, heating at 90 to 98''C.

10 Then DNA fragments separated based on molecular weights are hybridized with the nucleic acid probe

immobilized onto the carrier. This hybridization may be conducted In a flow system of a constant flow rate or

in a series effractions having the same volume.

When the hybridization is conducted in the flow system, the conditions such as temperature and pH ofmov-

ing phase are suitably selected depending on the hybridization reaction. The composition of the moving phase

15 is not particularly limited although a salt concentration of about 0 to 1 M, pH of the neutral region, and a tenv

perature within the range from 37 to 72''C are prefen-ed. While it is desirable to add the double stranded nucleic

acid recognizing substance previously to the sample solution, it is also acceptable that a carrier having the dou-

ble strands formed on the surface is placed in a solution containing the double stranded nucleic acid recognizing

substance. As a double stranded nucleic acid recognizing substance, any of those listed above may be

20 employed. In the flow system, the time period (retention time) between the introduction of the sample solution

and the generation of the direct or indirect signal from the double stranded nudeic acid recognizing substance

is determined. The pattern of DNA fragments based on, for example, RFLP can be obtained.

When the hybridization is conducted after obtaining the fractions, each fraction is subjected to the hybri-

dization with the nucleic acid probe immobilized to the carrier and then the double stranded nucleic acid rec-

25 ognizing substance is added to the fraction to detennine the direct or indirect signal from the double stranded

nucleic acid recognizing substance. From the fraction number of the fraction in which the signal is obtained,

the pattern of DNA firagments based on, for example, RFLP can be obtained.

Although the present invention is a method to detect the presence ofa gene having a particular base sequ-

ence as mentioned above, the present method can further enable the separation of the gene having the par-

30 ticular base sequence. Speciflcalty, since in the detection method mentioned above the intended gene is

immobilized to a carrier by means of hybridization with the nudeic acid probe, the intended gene can be sepa-

rated from the test sample only by removing the carrier from the test sample. Accordingly, the intended gene

can exdusively separated by dissociating the intended gene from ttie carrier by an appropriate means after

removing the substrate.

35 More specifically, this gene separation can be performed by first hybridizing the nudeic acid probe immobi-

lized on the carrier gene surface with the intended gene to fom a double stranded nucleic acid, to which then

ttie double stranded nudeic add recognizing substance added before or after hybridization is bound, and then

by detecting the signal from the double stranded nudeic acid recognizing substance bound to the double stran-

ded nudeic acid to conflnm the presence of the intended gene. Then the carrier on which the presence of the

40 intended gene has been conflrmed is removed from the test sample to separate the intended gene from the

test sample, and then by means of thermal or allcaline denaturation the intended gene is dissociated from the

carrier. In this gene separation method, the procedure to the step of detecting the Intended gene contained in

the test sample is similar to that in the gene detection method mentioned above.

To dissociate the intended gene from the carrier, the carrier may be heated at a temperature of SS^'C or

45 higher in a buffer solution or may be exposed to an alkaline condition using for example sodium hydroxide. By

this procedure, the intended gene is separated in a form of a single strand.

The gene thus obtained is converted to a double strand by synthesizing a complementary chain using an

enzyme. The yield may be increased by amplification using an enzyme. Especially by PCR method, the yield

can be increased while forming a double strand at a same time. By fonmlng a double strand which is then Incor-

50 porated via a linker Into a vector, the intended gene can be doned efficiently and easily.

Reference Example 7: Gene detection using latex beads immobilized with nudeic acid probe

a. Introduction of amino group into nudeic add probe

(6-aminohexyl) dATP was introduced to a carcinogenic gene v-myc at its 3' terminal by using ter-

minal deoxynucleotidyl transferase.

55 b. Immobilization of nudeic acid probe to latex beads

A single stranded nudeic acid probe was immobOized to the latex beads of the particle size of 1 ^m using

dicydohexylcarbodllmide as a crosslinking agent The latex beads immobilized with the nudeic add probe was

heated at QS^'C In a solution of the sample (containing v-myc) to effect thermal denaturation followed by hyb-
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ridization at 72*^0 for 15 minutes. Acridine orange solution was added to this solution, which was then allowed

to stand for 1 minute. After washing at 72'C with washing fluid (2 x SSC, 0.1% SDS). intensity of fluorescent

light was detennined in a phosphate buffer solution. As a result the gene could be detected in the order of pg.

Reference Example 8: Gene detection using latex beads immobilized with nucleic acid probe

5 a. Introduction of amino group into nucleic acid probe

(6-aminohexy) dATP was introduced to a carcinogenic gene v-myc at Its 3' terminal by using terminal

deoxynudeotidyl transferase,

b. Immobilation of nucleic acid probe to latex beads

A single stranded nucleic acid probe was immobilized to the latex beads having the partide size of 1 ^m
10 using dicydohexylcarbodiimide as a crossltnking agent The latex beads immobilized with the nucleic acid

probe was heated at QS^'C in a solution of the sample (containing v-myc) to effect thermal denaturation followed

by hybridization at 72*^0 for 1 5 minutes. Acridine orange solution was added to this solution (final concentration

of 1 ^M) which was then allowed to stand for 1 minute. Then the oxidation-reduction current ofthe intercalating-

agent in the solution was detenmined. As a result the gene could be detected in the order of pg.

15 Reference Example 9: Gene detection using filter immbolized with nucleic acid probe

As a nudeic acid probe, a carcinogenic gene v-myc was selected. This v-myc was bound to aminoacridine

via glutaraldehyde and the further imnwbilized to PVDF nylon filter by UV irradiation. After immobilization of

the nudeic acid probe, non-specific adsorption to the filter surface was suppressed by treatment with 1 mg/mf

ATP solution.

20 The sample solution containing v-myc was heated at 98°C to effect the thermal denaturation, followed by

hybridization with the nudeic acid probe immobilized to the filter surface at 72°C for 15 minute. After reaction,

the filter was washed at 72*^0 (2 x SSC, 0.1% SDS) and the change in adsorbance on the surfece of the filter

was detenmined.

In the case that the intended gene was present in the sample, reduction in absorbance was observed. As

25 a result of the detenmination, the gene could be detected in the order over 10 pg.

After the similar treatment the change in intensity of fluorescent light on the filter surface was also deter-

mined. As a result in the cases that the Intended gene was present In the sample, increase in intensity of

fluorescent light was observed. As a result of the detenmination, the gene could be detected in the order over

10 pg.

30 Reference Example 10: Gene detection utilizing sandwich hybridization

a. Preparation of electrode immobilized with first nudeic acid probe

A synthetic oligonudeotide probe (20 mer) against to the carcinogenic gene v-myc was used as the

first probe, to which (6-aminohexy1) dATP was introduced at 3' terminal using terminal deoxynudeotidyl

transferase.

35 On the other hand, BPPG electrode was electrolyzed in a solution containing 10% nitric acid and 2.5%

potassium chromate at 2.2 V to oxidize the surface. The electrode whose surface had been oxidized was

then placed In a refluxed solution of 10% gamma-aminopropyltriethoxysilane in aniline at 120*^C for 30

minutes to effect silane treatment The electrode treated with silane was washed with methanol and reacted

in 1% glutaraldehyde solution for 30 minutes, and then washed again.

40 The electrode was reacted in a solution of 1 ^g/ml of the first probe to which amino group had been intro-

duced at a room temperature for 30 minutes, whereby producing an electrode immobilized with the first

nudeic acid probe.

The electrode immobilized with the first nudeic acid probe thus obteined was immersed in a solution of

nudeotides (dATP, dCTP. dGTP and dTTP) so that the nudeotides were adsorbed to the surface of the

45 electrode to suppress non-specific adsorption of the sample DMA.

b. Gene detection using second nudeic acid probe

A fragment of pVM 623 obteined by inserting v-myc fragment to Pst I site of pUC 1 19 was digested with

Hind III. The fi^gment thus obtained was used as a test sample and Pst I fragment of pUC 119 was used as

the second probe. The second probe was labeled with viologen.

50 The test sample and the second probe were thennally denaturated at 98''C. The BPPG electrode immobi-

iized with the first probe prepared in step a was placed in a solution conteining the test sample and the second

probe, which was then incubated at 70^*0 to effect annealing. During the annealing, 0.1 V of potential (vs. SCE)

was applied to the electrode. After annealing, negative potential was applied to the electrode to remove the

substence binding non-specifically to the electrode. The oxidation-reduction potential ofviologen labeled to the

55 second probe was then determined to quantify v-myc conteined in the test sample. As a result, v-myc could

be detected in the order of pg.

Example 23: Indirect gene detection by RFLP analysis using electrode Immobilized with nudeic add probe

Using an electrode immobilized with the nudeic add probe, the individual identification by DNA fingerprint
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method was conducted as follows.

First, leukocytes were separated from human peripheral venous blood by density gradient centrifugation

and DNA was extracted according to a standard method. Then DNA obtained was digested with a restriction

enzyme Hae III.

5 On the other hand, Myo probe was immobilized to BPPG electrode to prepare an electrode immobilized

with the nucleic acid probe, which was then fitted to the outlet of the column of high pressure liquid chromato-

graph (HPLC). By loading the sample to HPLC, DNA including the sequence having homology to the probe

immobilized to the electrode surface was supported temporarily on the electrode surface to form a double

strand, to which then the double stranded nucleic acid recognizing substance such as an intercalating agent

10 was bound, whereby enabling the determination of electrochemical signal from the double stranded nucleic acid

recognizing substance. The signals obtained exhibit a specific pattem. By analyzing this pattern, the patterning

of the sample can be conducted.

By themiaily denaturating the fragment of DNA obtained as above at SS^'C to obtain a single strand, which

was then subjected to HPLC together with a intercalating agent, acrid ine orange, to conduct the patterning of

IS DNA. During chromatography, the column was maintained at TS^'C.

The results obtained indicated the discrete pattems by individuals subjected to the study. Accordingly, It

was cleariy indicated that Individual identification Is possible by the present gene detection method.

Reference Example 11: Gene separation using electrode immobilized with nucleic acid probe

A solution of chromosomal DNA (10 ^g/mF) extracted from E. coil strain JM 109 admixed with of 1 ^g/mf

20 digested pVM 623 (obtained by inserting v-myc to pUC 1 1 9) with Hind III was used as an experimental model

system. The sequence 5'-TGCAGTTCCGGTGGCTGATC-3' in v-myc was used as a probe for detection and

separation.

a. Preparation of BPPG electrode immobilized with nucleic acid probe

BPPG electrode was electrolyzed in a solution of 2.5% potassium chromate and 10% nitric acid at

25 2.2 V for 10 seconds to oxidize the surface. The electrode was placed in a refluxed solution of 10% gam-

ma-aminoprpyltriethoxy silane in toluene at 120''C for 30 minutes to effect silane treatment. By this treat-

ment, amino group was Introduced to the electrode surface. Then the electrode was allowed to stand in

1/1 5 M phosphate buffer (pH 7.0) containing 1% glutaradldehyde for 1 hour at a room temperature to intro-

duce aldehyde group. The synthetic primer mentioned above was prepared into a solution of 10 ^g/mf in

30 10 mM phosphate buffer, in which the electrode treated with aldehyde was then placed and allowed to stand

for 1 hour at a room temperature. In this step, the primer was immobilized on the electrode surface.

b. Detection of intended gene

The BPPG electrode Immobilized with the nucleic acid probe prepared in step a was placed in a solution

of chromosomal DNA (10 \iQlmi) extracted from E. coil strain JM 109 admixed with of 1 ng/mf of pVM 623

35 which had been converted to a linear form by using Hind III and was hybridized at 55°C. An intercalating

agent, acridine orange, was added to obtain the concentration of 1 and then the electrode response

was detenmined.

As a result, the peaks specific to acridine orange were obtained, indicating the formation of the double

strands on the electrode surface.

40 c. Separation of intended gene

The electrode was removed from the sample solution and heated at QS^'C in the buffer to dissociate the

intended gene in a double strand fbnm. Then 5'-TGCAGTTCCGGTGGCTGATC-3' and 5'-CGACTCGGAAGAA-
GAACAAG-3' which were the fragments in v-myc were used as the primers to conduct PGR. The length be-

tween the base sequences complementary to the two primers is about 900 bp. The gene amplified by PGR
45 was subjected to electrophoresis, in which the band corresponding to 900 bp was observed, whereby confirming

the separation of pVM 623 which was intended to be separated.

As a control, the same procedure was taken using pUC 1 18 as an intended gene and the base sequence

in pUC 1 18 as a PGR primer, and no band was observed at the corresponding position.

Example 24: Gene detection using electrode immobilized with nucleic acid probe and blocked by

50 stearylamine

a. Preparation of electrode immobilized with nucleic acid probe

(6-aminohexyl) dATP was introduced at 3' tenmina) into synthetic oligonucleotide probe (20 mer)

against to a carcinogenic gene v-myc using terminal deoxynudotidyl transferase.

On the other hand, BPPG electrode was subjected to electrolysis at 2.2 V in a solutton containing 10%

55 nitric acid and 2.5% potassium chromate to oxidize the surface of the electrode. The electrode whose sur-

face had been oxidized was then placed in a refluxed solution of 10% gamma-APTES in aniline at 120^*0

for 30 minutes to effect silane treatment. After the silane-treated electrode was washed with methanol, it

was reacted In 1% glutaraldehyde solution for 30 minutes, and then washed again.
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This electrode was reacted in a solution containing 1 \igltr\i of the probe to which amino group had been

introduced at a room temperature for 30 minutes, whereby producing an electrode immobilized with the

nucleic acid probe.

This electrode was immersed in a stearylamine solution to adsorb stearyamine on the surface of electrode,

5 thereby a non-specific adsorption of a sample was suppressed.

b. Gene detection using electrode immobilized with nucleic acid probe

As a test sample, pVM 623 obtained by Inserting v-myc fragment Into Pst I site of pUC 119 was employed.

Linear pVM 623 was obtained by digesting with Hind III and then was subjected to the thermal denaturation at

98*'C. The BPPG electrode Immobilized with the nucleic acid probe produced In step a above was placed in

10 the test sample, which was then incubated at 70°C to anneal Subsequently, an intercalating agent acridine

orange which binds specifically to the double stranded nucleic acid and has electrode activity was added and

then the electrode reaction was conducted, during which the oxidation-reduction current generated was deter-

mined to quantify v-myc contained in the test sample.

As a result, v-myc could be detected in the order of pg. S/N ratio observed was higher than that of the elec-

ts trode whose surface was not blocked.

Claims

20 1. A gene detection method wherein a single stranded nucleic acid probe having a base sequence conv

plementary to the gene to be detected is reacted with a gene sample denatured into a single stranded

form and then said nucleic acid probe hybridized with the gene Is detected to confirm the presence of the

gene, characterized in that:

said nucleic acid probe is imnfK)bilized onto a carrier sensitive to a physical change;

25 a double stranded nucleic acid recognizing substance capable of binding specifically to a double

stranded nucleic acid and being active physlcochemically is added to the reaction system of said nucleic

acid probe and the gene sample; and,

the double stranded nucleic acid recognizing substance bound to the double stranded nucleic acid

formed by conjugation of said nucleic acid probe and the gene to be detected is detected by means of

30 physical detenu ination using said earner, whereby detecting the presence of said nucleic acid probe hyt>-

ridized with the gene to be detected.

2. A method according to claim 1 , wherein said carrier is an electrode and the detection of the gene to be

detected is performed by means of electrochemical determination using said carrier.

35

3. A method according to claim 2, wherein potential is applied to the electrode upon hybridization of the nuc-

leic acid probe immobilized on the surface of the electrode and the gene sample denatured Into a single

stranded form.

40 4. A method according to claim 2, wherein said double stranded nudeic acid recognizing substance is an

intercalating agent.

5. A niethod according to dalm 4, wherein said intercalating agent is a metal complex having as a center

metal a metal capable of undergoing electrically reversible oxidation-reduction reaction and the oxidation-

45 reduction potential of said metal is less than or is not covered by the oxidation^reduction potential of the

nudeic acid.

6. A method according to claim 2, wherein said double stranded nudeic add recognizing substance is an

intercalating agent to which one or more substances generating electric signals which can be detected

50 by said electrode directly or Indirectly are bound.

7. A method according to claim 2, wherein said double stranded nudeic acid recognizing substance is a

biopolymer capable of binding specifically to a double stranded nudeic add.

55 8. A method according to daim 2, wherein said nucleic acid probe is immobilized onto the electrode through

an amino group introduced in said nudeic acid probe.

9. A method according to daim 2, wherein said nucleic add probe is Immobilized onto the electrode through
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a film.

10. A method accx)rding to claim 2, wherein said electrode is further covered with substances selected from

the group consisting of nucleic acids, surfactants, fatty acids and fats.

5

11. A method according to claim 1 , wherein said carrier is an optical fiber and the detection of the gene to be

detected is performed by means of optical determination using said optical fiber.

12. A method according to daim 11, wherein said double stranded nucleic acid recognizing substance is an

10 Intercalating agent

13. A method according to claim 11, wherein said double stranded nucleic acid recognizing substance is a

biopolymer capable of binding speciflcatlly to a double stranded nucleic acid.

IS 14. A. method according to claim 1 1 , wherein said optical fiber is an optical fiber electrode and said intercalat-

ing agent is a metal complex having as a center metal a metal capable of undergoing electrically reversible

oxidization-reduction reaction, the oxidation-reduction potential of said metal being less than or being not

covered by the oxidation-reduction potential of the nucleic acid, and the detection of the gene to be detec-

ted is performed by means of optical detenmlnatlon using said optical fiber electrode.

20

15. A method according to daim 1 1 , wherein said double stranded nucleic acid recognizing substance is an

intercalating agent to which one or more substances generating optical signals which can be detected by

said optical fiber directly or indirectly are bound.

25 16. A method according to claim 11, wherein said nudeic acid probe is Immobilized onto the optical fiber

through an amino group introduced in said nudeic acid probe.

17. A method according to claim 11, wherein said optical fiber is further covered with substances selected

form the group consisting of nucleic acid, surfactants, fatty acids and fats.

30

18. A gene detection device to detect a gene having a certain base sequence comprising:

a gene detection sensor (5) having a nucleic acid probe immobilized onto the surface of a carrier

sensitive to physical change;

a transportation means (12) to transport the gene detection sensor (5);

35 a reaction vessel (2) to store a sample solution containing the gene sample denatured into a single

stranded form, in said reaction vessel (2) a double stranded nucleic acid being fonnried on the gene sensor

(5) by hybridization of the gene sample and the nucleic acid probe immobilized on the surface of the gene

sensor (5);

a temperature control means (3) to control the temperature of the sample solution;

40 a washing means (8) to remove unreacted gene sample by washing the gene sensor (5) after hyb-

ridization of the nucleic acid probe with the gene sample; and

a detection vessel (9) to store a double stranded nudeic acid recognizing substance, the double

stranded nudeic acid recognizing substance being reacted with the double stranded nudeic acid formed

on the surface of the gene sensor (5) in said detection vessel (9), whereby binding the double stranded

45 nudeic acid recognizing substance with the double stranded nudeic acid in order to detect a physical

change generated by the bound double stranded nudeic acid recognizing substance.

19. A device according to daim 1 8, further comprising a dissociation means (1 1 ) to dissociate the double stran-

ded nudeic acid fomried on the surface of the gene sensor (5) Into the nudeic acid probe tmmobOized on

so the surface of the gene sensor (5) and the single stranded gene sample and to remove the gene sample,

whereby regenerating the gene sensor (5).

55
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